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ENFORCEMENT DIVISION

I understand that the Missouri Department of Natural Resources is
currently negotiating with St Joe Minerals in an attempt to develop
a solution to the environmental problems posed by the Desloge site
The region has indicated to the State that we wish to be kept informed
about the status of their negotiations, however, I believe that it is
inappropriate for our agency to take any action (such as federal
enforcement, use of superfund, etc ), unless the State is unable to
reach a reasonable agreement that will provide a long-term solution to
the problem I have therefore asked the Air and Hazardous Materials
Division to take the lead on this activity until we decide that some
other actions are warranted I will exp_ect ARHM to maintain close
contact with the State during thTs period and to keep me and other
dfvisions—particularly Enforcement and SJiA- -informed about the status
of"the~ Staters negotiations These divisions should also be given the
opportunity to review Missouri's agreement with St
develop our firal regional position on this issue

Joe before we

I have been impressed with the effort that BilLJilard in particular has
put into this project I am requesting Enforcement to continue to make
him available for assistance and I am encouraging ARHM to take advantage
of the work he has already done '

Please let me know if you have any questions or comments
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December 14, 1981

St Joo Mineral's A0rauJieat rfith MDNR on Liability and Ranodial Action
for Laad Mine Tailings Sice at Desloge, Missouri

Karen Flournoy,

Robert L. Morb> , Chicr, HAZM

TUXU Katie Sigga, HAZM/TSS-CR4A
Dannis Degner, HAZ»1/TSS-PMTS

This aeao sunnarizes developments with the abandoned lead nine tailings
site at Desloge, Missouri and reviews the agreement between St Joe
Minerals Corporation, Missouri Department of Natural Resources and other
agencies to clean-up/stabilize the site The initial review was by
Paul Doherty with additional review by myself

I Background

Lead mine tailings were deposited at the Deslo0e, Missouri site by St Joe
Minerals Corporation for 29 years, between 1929 and 1958 Th<» site covers
approximately 500 acres The tailings are reportedly 2-4 percent lead
and are piled to depths of up to 100 feet inside a horseshoe bend ofc tne

River

In 1972, ths property was donated by 3t Joa din^rala to St Francois Count,
The Countv in turn donated tne land to the St Frar_ois Cci_nt ' E-\.ironji.ntal
Corporation, a non-profit organization for the pa-pose of establishini a
sanitary landfill on the site Up to this tins it is reported t'lat tht
tailings site had been adequately naintained with no apparent incidents of
tailing pile washout or erosion into the Big River

In 1977, a major waonout occurred, reportedly as a result oz a block d draira0e
stractura and neglected maintenance It is estimated that up to 5Q,uOO cubic
yards of lead tailii0s cashed into the 3i3 Riv«sr» Minor t--ooion has continued
up to the present time addina to taa tailings deposited in tho River

Followintt the wai»hout incident, several stulies *ere urd^rta^wn to acc« s
the extant of an/ironnental dacjaje ana etplorc rauudial action alternatives

In late 1977, EPA/bVAN conducted an intensive survey or tie Dl^ River Tie
Ceieral tinding was that the Big Rivar vaa degraded by nine tailings , nuinly
ao a rcoult of physical changes rathtr t^ian toiiicity It is reported that
mine tailing deposits are tne primary constituent of the atraam bed tor sevaral
miles downstream of the tailings pile
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In June 1979, a study was initiated by tha University of Missouri to cvalaace
the present and potantlil problems of the site and to propose solutions to
theae problems Their report wan issued in January 1930

A July 18, 1980, study by the Missouri Department of Conscrvatioi reported
elevated levels of lead in the flesh of sucker fish downstieam from tha
talliago pile As a result of these findings the Missouri Dt»parr-aent of
Health Issued a warning to the public against eating botton feeding fish iti
this area

\ Since the occurrence of the washout Incident a number of neetlnga have been
" held among intarasted agencies to coordinate mitigation efforts Up until

laat year, enforcement action against St Joe Minerals was considered as
the nose likely course of action by se/eral of these agencies The Corps
of Engineers (CO)7) referred the caaa to the Department of Justice (DOJ) in
lace 1978 To date, no action has been taken by the DOJ on this referral
In 1980, the recommendation from EPA/ENFC called for immediate enforcement
action under Section 311 of the CUA and Section 7003 of RCRA The site was
recommended for listing as an uncontrolled site by EP\, COE, and the
Department of the Interior for potential Superfund action

In late 1980, MDWR began negotiating with St Joe Mineral Corporation for
voluntary clean-up of the nine tailing site As a result of these negotia-
tions, and the fact that nining uasta became excluded frora the hazardous
waste regulation ('Jovcaber 19, 1930), tnt. Regional Office agrce'l to suspend
farther eaforceaear actions until the rtailta of theae ne0ot'dti>ns beraae
kiov/n Tna Agenc/ aljo agreed, at the request of IIDr5, to cJroo t'tc
Deslose L^ad Mine Tailings Sit, froa the list o* tncontrolle 1 slt3n Tns
nc^otiationb continued rrc^ lata 1980, until \.ususr 1°31 Ic 1 , understood
that the principle stumbling blocks to nosgotiafug the final a^rccnt Tt wt"a

1 Reconciliaclon of St
sits, and

Joe Ixnetilo1 past and future If ability for the

2 Assigning reaponsioility for future site maintenance

The final negotiated agreement, "Covenant Not to Sue" between the St Joi_
Minerals Coapeny, St Francois wnviTonjaancal Corporation, State Dapartmpnt
of Natural Resources, State Clean Hater Cocuniaalon, State Conservation
Commission, and Scare Attorney General's Office vas signed on Septe-aoer 4
1931

II The \graeaent

The format or tha Agreement , titled "Covenant *Jot to Sae" is in three baoic
parts These parts can be described as

1 Suamary statements on tha history of the aite aid wasaout incident

2 Statements of liability, resnonotbility and e^e^ptlon rroE fui.jr»
ind

Descrt--tlon or ictlon
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The first several provisions of the Covenant set forth the history of the
Bite and washout incident ae described previously in this tacrao

Tho succeeding provisions set forth the conditions of liability, future
litigation and remedial action responsibilities According to these
provisions, St Joe Minerals and th* St Francois Count/ Environmental
Corporation are released from responsibility for all damage, past and
futuro> resulting fron the washout incident The St Francois County
Environmental Corporation assumes responsibility for contracting all
agroed-upon remedial action voik and assumes responsibility for future
maintenance of the area The St Joe lilcerals Corporation agrees to
pay for the proposed work, provide supplemental fill material for
reconstructing containment dans, and will provide "advisory" technical
assistance to the St Francois Count/ Environmental Corporation with
the review and inspection of the construction work performed No
responsibility for the work is assumed by St Joe Mineral with this
"advisory" rola

The third part of the Agreement provides specific details on the reaedial
action tasks This work is described in a document titled, "Repair of Damage
at Desloge Landfill Along Big River," and has been made part of the Covenant
by reference

The work can be briefly summarized as follows

1 Pill-in/repair or all uijor erosion gaps (two large gaps and three smaller
)i

2 Reconstruction of three retaining b̂ ras at the required erosion areao,

3 Alteration of the failed drainage structure to present future blockade
problems,

4 Seeding and fertiliser aoplicition to a 20 acre "demonstration" plot, and

5 Construction of all necessary h-iuli^ roadi

III Piscusslpi

\.lthou0h thr entire Repair of Dasi^e ac Qeslo^a Lrndfill \long Big RI' er
document was not subaittcd to the A;ancy for review (drawings and photo^raoh
exhibits wore omitted), the description of wor't ij consistent vith xccc'_icnaa-
tions nade in the 1930 report prepared by the University of Ilisaouri ior MDNtt
It aoptars that the agreed-upon work la a "aiiddla grourd" response to the
Univarsit/ of Missouri report ri.commendations Tlid snjor structural failures
->n the. site 'vill be remedied by the proposed wor\. and thi3 Jill eliminate
much of the environmental \a'arls ->oscd o/ futur«. t.roaion or washouts at
the aliJ ^i- Univcrsi-v of UjoourJ pcrrorael e^tftiai/^. anal>8P3 on cha
QI gitteering nropertiai of tip tailing aaterla^ With certiin esceptions
(la, areas where remedial uor^ is planned) tis repor*" uonciu'ed that tic
tailing piles site "as A rfhoj.u apncars to be stnole "



The proposed work docs not addrcaa several eclating or potential mviroraental
hazard* identified in thu University of Missouri's report and othar a0cnc/
iiemoranda These potential environmental hazards ara diacuse^d briefly 39
follows

— *
1 Contamination of Big River Benthic Zone and Flan Population Studies
conducted by EPA and t-lDNR have documented that the Big Elver has been degraded
for several miles dovmatreim fro-n tha tailing site and that bottom feeding fish
have elevated levels of lead in their flesh Both situations warrant concern
from an «nvironaental standpoint However, reclamation or dredging of the river
is not included in the Agreement's scope of work Oaitting this work from the
Agreement appears Justified* It would be unreasonable to expect St Joa Mineral
to aosoue responsibility for a major dredging operation resulting froa a washout
incident which had occurred several years after the Company relinquished title
(and responsibility) of the property to the County The State Department of
Conservation and MDNR believe that a dredgiag operation would conpletely destroy
the ecology of the river and that natural processes would be more ptt«ctive in
reclaiming the river given tine

On tha other hand, tha Corps of Engineers and Dapartaant of Interior support
a dradging operation and believe that the river bottoi le=id deposits pea* *
significant onvironaental hazard Botn agencies inltj.all/ f- 7ored listing the
31;$ civer Sit™ as an uncontrolled site, el-lijibla fo^ Saperfund artion do^ever,
ciin^nc wastes ar_ no; excluded from Suoer tmJ Bia^c1 on a ri_v<ew of th_ available.
infornation, tnn position cf th- fDSR app_ irj to bu a r asonahlu approach T1 sra
hava been no k.njjm raoorta of contaajj.nited watv.* si^"31irt« "-a local populjtio i
has b°sn dibCoara^aJ f-on aatin., sue' er fia'i cii^ht in th- nroa and as lJi_, JT
reason^bla dietary precautions ara taken health problem should lol de/alop

2 Lcuchata Contanltiation (Hca/y Hetals) froai the Sanitary Lanlfill Th» 3ta-ly
conducted by the Uni/<-r3it/ of î lssou'-i reported t'nt liquid l^ac iats *r:>o: the
landfill operation could lead to potentially serious coi'tauination of water
supolies Tlieir laboratory stalies, co iJucted wit*1 raine tailing aateiial, 3 o*^
thit under acidic conditions, lead and zinc in tha tiiiii-33 can bccorcu soluolo,
ai-rate with laachinj water flous and could evontuall/ coataninai a surfic- anJ
fjroundwater suppli«.a Tne r-S[K>rt viewed the hazard ct i(.av letal leicii'-j to b
serious enough for ilDJI to estabti-ili an "icincJiat^ ironltoi..!̂ - -"-o^raj In
larch 1980, foliowins tha lini/e'-sit/ of ilissoaxi ^eport, iDi'R Jid ojr*or3i o-'d
lenchate monitoring at t^e oita Tliair results showed that thi It.vt.l3 of lead,
zinc and cadniua T»ora not elevated above bicicground levels nor did the/ excaad
US.PHb drinking water standards E ttC/U,GL has qurstionad whether tha saao^ea
analyzed by 11DHR ara representative of the Dusloga landfill Icichatc Ws concur
that tno question of landfill leucnata mobiliziag heavy aetala, particularly
lead, has not baen aaswarad to data We reconraend that a stuJ/ ba Initiated to
dutciraine if the lind*-ill laachdte mobilises heavy aetiia, in pavticular l^ad
T'-e Bureau of lanca la co ducting a study on the Icac5 tailing" "-e/ ahould 3t
contacted for background Iforiatior inJ coordination for any add»tioml 3tudiss
1 \ L*i arsa Ularritaly, 10 ro, -iitaiy placed i^nitorLi/; J^l-3 ihoaM bf-

d at the lindfi.il with analyiij to Include loud and laac iat- "-'JiJi L^rs



The landfill situation does warrant tha future attention o_ MDTC Periodic
monitoring of leachato samples by MO TO, should continue and appropriate ectlons
taken if a problem develops i4D*R and tha State Conservation Co-aaiss ion hai a
beea accorded the right oE accessjfor inspection purposes in t'to Agrcsaent
Monitoring and Inspections are necessary

3 Site Stabilisation, Revagetation and Hazards of Airborne Lead Dust The
University of Missouri report concluded that tha Dealoge lend tailing pile
will "renain a potential health hazard due to blowing of lead laden dust and
the potential for further erosion until such time a? the -ite is completely
stabilised by vegetative growth " Because of probleas with seed germination,
moisture retention and fariiliaation, revc^etatifm of th<a situ will not occur
through natural processes Althougn the Agreement pro /ides for seeding and
fertilizer application to 20 acroo of land, thin seeding operation will
involve less than 5 percent of thf tailing site It if understood tl at tha
seeded/fertilized plot nay serve as a demonstration study to assess plant
supporting characteristics of the tailing pile and that this study would
provide the basis for future seeding and fertilization The Agreement is
not specific on who, if anyone, is responsible for aaintulning or evaluating
the 20 acre demonstration plot

Revegetation of 20 acres still laaves over 95 percent of the Desloge
site without plant cover Questions have been raised at, to whether tne
potential for windblown lead dust at the abandoned lead Lailln0 site
represents a signixlcant environmental hazard In the aosenc- of so cific
air monitoring data, it is difficult to accurately assess the hazards posed
by this exposure route A brief review of tha available lite'atu^a inaicates
that the an/lronnental hazards associated with inhalation OL lead and
compounds during lead ore mining, crusnlng and nillinc operations is io-
The NIOSH development document for "Criteria for a Reconuaendad Standard
for Occupational Exposure to Inorganic Lead (1973)" provides a general
overview of the de-,rf»es of occupational exposure to lead for 34 ir
operations Load mining i-3 not mentioned in this overview, sug^estin^ that

huaarda olf occuoat^onal e^oosure may not be Significant

EPA piblication, «dr Cualit/ Criteria for Lead" (EP\ 600/3-77-017)
states

Exposures foe wo^Lars involved in lead r>ining
depend to some ettant on tia jolubilif' of the
lead frou the ores Ihe lead sulfide (?bS) in
galena is insoluble, and absorption through the
lun? aay be sli^iit It is not really known hoj
reaJily abjorptlon tatccs place In the stouiarh,
lowevar, soaa laad aulfiJa nav be con\ei.t.ecJ to
s^^itlv so.ubi*. load chlt.ri-ie, *hich taiy then be
absorb 1 in noJarit^.
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Although occupational exposure to atmospheric IcaJ is discussed ii sooe i , jj
detail in this publication, no lurther reference, to lead Mining closure
hazards is provided

Lead toxiclty Is mainly the result of the concentration or Ji£j.ut>aoK
(soluble) lead in soft tissues of Ĵ ie body The insolubility of lead
sulfide (galena) probably accounts for its low reported to^icity Tae
"Registry of the Toxic Effects of Chemical Substances states that lead
gulfidc presents an "insignificant hazard" with regird to aquatic toticity
This in the lowest possible rating The low toxicity rating may also explain
the lack of toxic reactions obser/ed by EPA la the Big Piver following the __
washout Incident

The Mine Safety and Health Adninistration (MSHA) i<? responsible for
establishing and enforcing standards for occupational exposure to lead
during raining operations The standard is 0 15 mg/cr> of lead and lead
compounds Mr Terry Phillips, Sub-district Manager of the MS11A Rolla,
Missouri office states that compliance measurements for this standard are
usually collected near the ore concentration operation \lthou^h this
operation produces a concentrate which is 93 - 99 percent lead sulfide,
ccapliance with the 0 15 03/0̂  standard la not unusually difficult Given
that the lead tailings are 2-4 percent lead, Mr Philllpa did not believe
that the abandoned tailing pile would violate their standard of 0 15 as/u-5
Short-tern violations may occur during periods of hig'i winds but onp would
expect that due to the hî n density particulata natur- of lead <(ust onl/
the area immediately adjacent to and co-rcwind fron tha sita *rcu d bt iaoactea
Due to tne low toxicit/ of L_ad salfido, the lo i corcLntj.ifc*on 01 lead in
t'ie taixiag pile aid the iutortaittent nature of wiidbj.ô n occurrences, it
is concluded that the environmental hazards posed by winujlou-r tailin3 duar
is not significant It ca/ be advisable to establish a-ibient air quality
raonltorint, stations near the site to confirm this conclusion

IV Suoaary

The Agreement (Covenant tot to Sue) between St JOL, llinerulu Corporation,
•ID {R and interested agencies is a reasonable negotiated settlement to clean-
up and retaed/ a taiiia^j pile washout iicldeot for uhich no party is cleirly
raaponsible The proposed remedial work, will stabilize the site to prevent
future washout probl-iiab but does not address otl or environmental concerns
rcsarding

1 Tailings in the Big River sediment,

2 Potential leic'iato contamination from t u. landfill operation, and

3 Tie lack of a vegetativi cover to further stabilize the site

4 Eroeion control on a continuing bnais

5 Lon,>-term sanplia^/tiivi^o^nent il avaloafioa



Overall the Agreement addresses landfill dan repairs but did not Include
the above Hated concerns as applicable The fact that lead concentrations
in bottom facding fish is hl̂ H enough that the State isouod a warning against
their consumption ia evidence to m^port a fcedaral action under 570C3 of
RCSA For this reason and because the. above listed concerns are not addressed
in the Agreement, EP^ should continue to monitor the projjregs of the State
It is recommended that tre issue a letter to KONR e.^prcaainj our concerns and
rccomnended actions they should undertake to address these



United States Department of the Interior
FISH AND WILDLIhh SFRVICE

COl UMRIA NATIONA1 HMU R l h S RP SF ARC H lj\BORATOKV
ROUTF 1

COLUMBIA MISSOURI 65201
IN K H L N Km HIM

April 25, 1985

William H Ward,
Assistant Regional Council
US EPA, Region VII
324 E llth St
Kansas City, MO 64106

Dear Mr Ward

Enclosed please find a copy of a Master's Thesis by John Besser
vhich deals with the availability and effects of metals in leachates
from Desloge mine tailings This study was part of a joint
investigation in which the UMC Department of Forestry, Fisheries
and Wildlife, The Environmental Trace Substances Research Center,
and CNFRL participated Mr Besser is currently employed at our
laboratory, please feel free to contact either of us should you care
to discuss any aspect of this report

Sincerely,

Christopher J Schmitt

CJS efh

Enclosure

WAY C
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Tne undersigned, artjointea bj -he Dea~ of ^e G~advate

Tacul^y, have examined a thesis entitled

Bioavailability and toxicity of hea/y petals in mine

tailings leachate to aquatic invertebrates

presented by

Jonn M Besser

a canaidate for the cegree of Haster of Science

ana n e r e b y c e r t i f y tnat in t h e i r o p i n i o n i t ±s ^ o - t n y of
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ABSTRACT

2 r o s i o n and l e a c h i n g of large depos i t s of lead t ^ n e

t a i l i n g s in the "Old Leaa Belt" of southeas t h issoun have

lea to extensive contamina t ion of streams of the Big P.ver

drainage wi th toxic heavy metals Although revegetation of

tne tailings piles to reduce erosion has been proposed, the

e f f e c t s of r e v e g e t a t i o n on the re lease of me ta l s f r o m the

t a i l i ngs have not "been s t u d i e d In this s tudy , aquatic

invertebrates were exposed to leachates f r o m test plots of

ta i l ings to evaluate t ie e f f e c t s of cover m a t e r i a l s on tne

b i o a v a i l a b i l i t y and t o x i c i t y o f m e t a l s in t a i l i n g s

leachates

Bloaccumulation of metals f r o m test plot leachates ^as

. increased in ta i l ings plots w i t h cover t r e a t m e n t s of

vegetation (seed/fer t i l izer and sod treatments) or organic

na t t e^ (sludge and leaf t rea tments ) , relative to uncovered

tai l ings o7- uncor tamina ted crushed do lomi te D i f f e r e n c e s in

m e t a l b i o a c c u m u l a t i o n a m o n g t r e a t m e n t s c o r r e s p o n d e d t o

d i s s o l v e d meta l c o n c e n t r a t i o n s in leachates , al though

invertebrates were apparently able to accumulate metals f r o m

i n g e s t e d sol ids as well F o r m a t i o n of c o m p l e x e s v i t n

dissolved organic compounds led to high metal concentrat ions

in leach-ate f r o m the leaf t r e a t m e n t , w h i c h s n o v e d t i e

highest metal bioaccumulat ion

Toxic effects of leachates on surv ivorsh ip of c ra j f i s i

and s u r v i v o r s h i p , g r o w t h and d e v e l o p m e n t o f m i d g e l a r vae

s ^ o ^ e d s ioi la r t r e n d s a m o n g cove r m a t e r i a l t r e a t m e n t s
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T ox j . c i t y of leac ia tes was m o r e s t rong ly c o r r e l a t e d w i t h

v a t e - me ta l c o n c e n t r a t i o n s than v / i t h a c c u m u l a t e d m e t a l s ,

s u g g e s t i n g t n a t n o t a l l a c c u m u l a t e d m e t a l s e x e r t e d

tcxic act ion Signif icant adverse ef fects on in^e r t eo ra t e s

occurred in this study at metal concentra t ions comparable to

tnose m e a s u r e d in the Big R i v e r sys tem and in seepage f r o m

tailings piles

The b e n e f i t s of r e v e g e t a t i o n of the large t a i l i ngs

piles in the Old Lead Belt probably ou tweign the adverse

effects of cover materials on leacnate fo rma t ion ^owever ,

the p roces se s obse rved in th i s s t udy probably also act on

tailings already eroded into s tream and riparian haoi tats ,

posing a long- te~m threat of metal toxicity to aquatic biota

and human consumers of contamina ted fish
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SACKC^OJIO

Soutneast mssouri has _ o r g "been a. lead.^g p '-oddce- cf

lead in the Imited States Deposits we re c iscoverea in the

ea-ly 1700's and s u r f a c e m i n i n g was ex t ens ive by 1800

( K ^ a m e r 1976) These scattered m i n i n g activities eventually

f o c u s e d on an a rea of St F r a n c o . s coun ty , K i s soun , v h i c h

nad e x t e n s i v e su r f ace and subsu r face d e p o s i t s of the lead

ore galena (PbS) By the n i d - 1 S O O s , su r f ace d e p o s i t s w e r e

d e p l e t e d and deep-shaf t m i n i n g in the B o n n e t e r r e d o l o m i t e

fo-na t ion became p redominan t During the per iod 1907-1954

the a rea , i novn as the Old Lead Belt, v.as the largest

producer of lean in the na t ion and all holdings in tie area

>.ere acqu i r ed by tne St Joseph M i n i n g C o m p a n y As these

ore deposi ts became depleted a^d deposits of high grade o^e

^ e ^ e d e v e l o p e d to the wes t ( t ie New Lead Belt o~ V i b u r n u m

T r e n d ) , mines in the Old Lead Belt were closed be tween 1961

and 1972 ( K r a m e r 1976)

A l o n g w i t h the 7 3 m i l l i o n m e t r i c tons o f l ead

extracted between 1864 and 1972, nines in the Old Lead Belt

g e n e r a t e d s o m e 227 m i l l i o n m e t r i c tons of ^ a i l i n g s , by-

p r o G u c t s of s e p a r a t i o n of galena f r o m the low g rade leac

ores ( < r a m e r 1976) lul l ing Drocesses used in the Old Lead

Bel* i n c r e a s e d in sopno. s t icat ion d u r i n g t^.s o e ^ i o d , f r o m

the ea r ly p rocess of g r a v i t y f - a c t i o n a t i o n or " j i g g i n g " to

m o r e r e c e n t f l o t a t i o n p r o c e d u r e s w h i c n used a v a r i e t y o f

~eagen t s to assist in sepa-a'- i^g lead part icles f p o m g-ounc

ore HS a ~esult tne ta i l ings , deposi ted in large piles (up
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adjacent to the tailings deposits was heavily contaminated

u i ' o t a i l i ngs ana that s i g n i f i c a n t m e t a l c o n t a m i n a t i o n o f

3 :g R i v e r w a t e r , s e d i m e n t , f i s h and aqua t i c i n v e r t e b r a t e s

e x t e n d e d at least 96 km dorfns*"eaa f r o m tie m a j o r tailings

input at Desloge (Schmit t ana Finger 1982, Vnelan 1983) An

e n g i n e e r i n g s tudy of the Desloge t a i l ings pile ( N o v a k and

Hasselwanoer 1980) de t e rmined that inadequate main tenance of

drainage structures led to the failure of xne tailings b e ~ m

and the resultant m a s s i v e e ros ion of tai l ings into the Big

R i v e r The r epo r t p r e s e n t e d gu ide l ines fo r r e - g r a d i n g

u n s t a b l e slopes and m o d i f y i n g d ra inage pa t t e rns to r e d u c e

eros ion problems, but concluded that seeding and addi t ion of

organ ic m a t t e r to es tabl ish vege ta t ion cover v o u l d be

requi-ea to permanent ly s tabil ize the tailings piles

Several researchers have emphasized tne importance of

biological ana cnemica l processes which can mobi l i ze heavy

me-als f r o m tailings deposits Metals can be mob i l i zed by

v e a t h e - ^ n g processes w i t n i n tne tailings piles (Kramer 1976)

or by p l a n t s g r o v n in t a i l i n g s ( V i x s o n e t a l 1985)

Resul ts of e x p e r i m e n t a l l e ach ing and r e v e g e t a t i o n s tudies

(Kovak ard Hassciv anaer 1980) indicated tnat tne solubility

and t ox i c i t y of ta i l ings m e t a l s could be i n c r e a s e d by

dissolved organic compounds , sucn as those generated by tie

landfi l l operat ions at Desloge, or f r o m the application of

o r g a n i c m u l c h e s t o a i d r e v e g e t a t i o n C h e m i c a l a n d

b i o l o g i c a l p rocesses in a o u a t i c s y s t e m s can lead to

inc-eased dispersal and biological ava i lab i l i ty of heavy

metals (Scnmitt and Finger 1982, tfhelan 1963)



to 6 5 k m 2 ) a d j a c e n t to n i l l . r g s i tes , d i f f e r c o n s i d e ^ a o l y
M>

in their content of lead, zinc and other heavy medals
—v

f c d e p e n d i n g on The s i l l i ng n r o c e s s used a t tne t i m e of t i e i r

depos i t ion (Harwooa 1984) is the tail ings p^les were

•" aoandoned or turned over to nerf o w n e r s n i p , adverse impacts

"" of t a i l ings on w a t e r qua l i ty and b io ta of n e a r b y s t r e a m s

b e c a m e e v i d e n t S u r v e y s c o n d u c t e d o y T n e M i s s o u r i

fc Depar tment of Conserva t ion a t t r ibuted impacts on tne aquatic

, i n v e r t e b r a t e c o m m u n i t y of Flat R i v e r C r e e k to e ro s ion of
m t a i l i ngs p i les near Elvins and ?lat R i v e r , M i s s o u r i (Ryck

' 1974) A s tudy of the i m p a c t s of m i n e ta i l ings on Plat
w

River Creek (rCramer 1976) found elevated levels of lead,

zinc, cadmium and copper in *ater, sediments and oiota of

_ tne stream and documented inputs of these metals to tie
i
• stream f r o m botn erosion of tailings ana innuts of seepage

1 *ater f r o m the Dlvins tailings pile
«

Purtner attention was focused on environmenta l problems

I a s soc ia t ed w i t n t he t a i l ings d e p o s i t s f o l l o w i n g m a j o r

e r o s i o n even t s i n 1977 « r h i c h d e p o s i t e d aoout 38,000 C U D I C

• m e t e r s of t a i l ings f r o m tne t a i l ings pile at D e s l o g e ,

I M i s s o u r i into the channel of •'•he Big R i v e r , the m a j o r

s t r e a m d r a i n i n g tne Old Lead Belt ( i \ o v a k and nasselv . a n a e r

I 1980) Subsequen t s tud ies oy the M i s s o u r i D e p a r t m e n t of

C o n s e r v a t i o n found elevated levels of lead ^n f i sh collectedi
f ^ o m t h e B i g R i v e r a n d local r e s i d e n t s u e r e c a u t i o n e d

aga in s t c o n s u m p t i o n o f c o n t a m i n a t e d f i s h ( C z a T e s k i 1980,

1 ~iQ£} An e x t e n s i v e s u r v e y c o n d u c t e d by the U S ? isn and

* i l c l i f e Se rv ice f o u n d tiat tne reacn of ^he 3ig R i v e r



STUDY SITE

Leachate Collection

Six experimental leaching plots ^ere cons t ruc ted on the

g r o u n d s o f t h e C o l u m b i a J a t i o n a l F i s n e r i e s R e s e a r c h

L a b o r a t o r y (CNF*?! ) , U S F i sh and W i l d l i f e S e r v i c e ,

C o l u m b i a , M i s s o u r i Plots cons i s t ed o f w o o d e n f r a m e s

( d i m e n s i o n s 3 7 m X 1 8 m X 0 3 m ) lined with vinyl plastic

A control plot was filled with uncontaminated do lomi t ic sana

f r o m a quar ry near J e f f e r s o n Ci ty , M i s s o u r i , and the f ive

remair ing plots were filled wi tn mine tailings f rom Desloge,

Missour i , which contained high concentrat ions of lead, zinc

and other leavy metals (Table 1) Fill mater ia ls w e r e aaaea

to a d e p t n of 15-20 cm Plots > , e r e located on a slight

siope wth PVC collection pipes across the na r row ao*nni l l

ena Openings in these pipes were covered v i t n fiberglass

screening and layers of g-avel to exclude fill mater ia l s

Leacnate fo rmed f rom rainwater percolating through the

plots drained through the collection pipes into ngia vinyl

pools (1 5 meter d i ame te r , approximate capacity 450 l i ters)

Po.pes f eed ing into the pools were upturned at a right angle

to r e t a i n l eacha te samples and encourage se t t l ing of

suspended sonas Natural rainfall was supplemented dur ing

a late sunme^ 1983 drought pe r iod wi th ultrasoft ^a te^ f r o m

tie Cl "''L reverse osmosis apparatus This va te r was appl ied

to the plots through cotton "soaker hoses" to assure gradual

r > e ~ c o l a t i o n Plots w e r e w a t e r e d three t i m e s b e t w e e n late

ana ea-ly September / i th volumes of 200-400 liters to



The research presented he re is part of a p ro jec t f u n d e d

—" by tne U S Fish and t f i l a l i f e S e r v i c e , C o l u m o i a ^ a ^ i o n a l

" ^ i s n e r i e s ^ e s e a r c n L a b o r a t o r y , t o e x a m i n e the e f f e c t s o f

vegeta t ion and organic cover mater ia l s on tie m o b i l i z a t i o n ,

^. biological availability and toxici ty of metals in leacnates

— f r o m O l d Lead Bel t m i n e t a i l i n g s A p r e v i o u s r e p o r t

" d e s c r i b e d t h e e f f e c t s o f c o v e r m a t e r i a l s o n t h e

c o n c e n t r a t i o n a n d c h e m i c a l f o r m s o f m e t a l s l eached f r o m

tailings test plots (Harwood 1984) This thesis presents

d a t a o n m e t a l b i o a c c u m u l a t i o n , s u r v i v a l , g r o w t n a n a

— d e v e l o p m e n t in aquat ic i n v e r t e b r a t e s exposed to leachates

f r o m these test plots A l t h o u g h th is p r o j e c t was i n t e n d e a

~j p r i m a r i l y to i nves t iga t e e n v i r o n m e n t a l e f f e c t s o f m i n e

t a i l i ngs r e c l a m a t i o n e f f o r t s , t he r e su l t s o f t ne c h e m i c a l

J and biological s tud ies also p r o v i d e d an o p p o r t u n i t y to

e x a m i n e the d y n a m i c s and t o x i c i t y of heavy m e t a l s n a

s i m p l i f i e d f r e shwa te r system



-eplace evaporative losses f rom the pools

Effor t s were made to assure adequate cond i t ions in tre

pools for i n v e r t e b r a t e bioassays A layer of c h e r t g r ave l

aooa t 2 cm deep was a d d e a to the pools A o a t t e r y - p o ^ e-ed

c o m p r e s s o r p r o v i d e d a e r a t i o n d u r i n g the s u m m e r m o n t h s A

black v iny l m e s h cover e r e c t e d over the s ix pools p r o v i d e d

snade and he lped m o d e r a t e s u m m e r va t e r t e m p e r a t u r e s A

waterproof coating vas applied to the shade cover to prevert

di lut ion of leachate water wi tn rainfall

Tailing Cover Treatments

Cover materials v e r e added to the test plots in spring

and s u m m e r 1982 to s i m u l a t e a range of c o n d i t i o n s for

leachate f o r m a t i o n Tne Control plot received no additional

cover materials Tie tailings plots rece ived the follow.ng

cover treatments

U n c o v e r e d Ta i l i ngs in th is plot w e r e l e f t u n c o v e r e d to

approximate the exxSt ing condi t ion of the Old Leac Belt

t a . l i n g s p i l e s V i r t u a l l y n o p l a n t g r o t t o v a s

e s t a D l i s n e d on t i is plot a u r i n g the course of the

stuay

See a Th i s plot was f e r t i l i z e d u s ing a c o m m e r c i a l l a v n

f e r t i l i z e r ( S c o t t ' s S t a r t e r , 1S-24-6£ N-P-K) us ing

laoel d i r e c t i o n s and seeaea w i t r a grass and legume

seed mixture Tnis t r ea tment is similar to procedures

p r e v i o u s l y used to r e v e g e t a t e the tai l ings d e p o s i t s

(ifovak and Hasse lwander 1980) Vegeta t ion on this plot

g r e w v i g o r o u s l y d u r i n g m o i s t v e a t n e r a n d d i e a b a d



Table 1 C h e m i c a l c o m p o s i t i o n of t a i l ings used in test

plots ( f r o m Harwood 1984)

Major

Ca

Mg

Pe

K

Mi

Al

Minor

Pb

Zn

Fa

Cu

Sr

Ni

Ba

Cd

Untreated

constituents ($)

19

9 4

3 7

0 51

0 43

0 36

constituents (ppm)

1400

1000

310

120

51

49

33

24

Seed

21

1 1

3 8

0 52

0 45

0 45

1500

1000

440

160

53

69

45

22

Plot
Sod

20

7 1

3 2

0 48

0 34

0 66

1300

1300

510

98

48

17

33

18

Sludge

20

10

3 5

0 67

0 38

0 59

1400

1400

410

100

54

33

51

28

Leaf

20

11

3 6

0 68

_0 39

0 56

i 600

1400

280

100

52

28

44

31



C h e m i c a l c h a r a c t e r i s t i c s o f ta i l ings l eacna-es » e - e

s t rongly af fec ted "by cover mater ia l s , but d i f f e r e n c e s a-o^g

t r e a t m e n t s v e r e less p r o n o u n c e d a f t e r e q u i l i b - a - _ o n j . n

co l l ec t i on pools ( T a o l e 2 ) R e a u c t i o r s in h a - a n e s s and

i nc reases in pH o c c u r r e d in pool w a t e r s in al l t r e a ^ m e r t s

Leacha te and pool v a t e ^ c h e m i s t r y in the u n c o v e - e d and

vegetat ion (seed and sod) t reatments was generally similar

to t^a t in t ie conTol H o w e v e r , leachate f r o m t -e seea

t rea tment was less alkaline and had higher concentrat .ons of

n u t r i e n t s and o r g a n i c ca rbon Organ ic cover t r e a t m e n t s

(sluage and leaf) haa greatest effects on tailings leachate

c o m p o s . t i o n leacnates in tnese t r e a t m e n t s w e r e r.gh in

n a r d n e s s and o rgan ic ca rbon In pool w a t e r s , ha -dness

decreased to low levels and pH and alkalinity remainec lo»er

than o~her t rea tments ^ool v.ater in the sludge t r ea tmen t

vas h i g h e r in n u t r i e n t s , s o f t e r and less a lka l ine t han

o t h e r t r e a t m e n t s D i s s o l v e d organ ic ca-bon c o n c e n t r a t i o n s

a e c r e a s e d in pool w a t e r s in the sluage t r e a t m e n t b^t

-emainea ve^y high in the leaf t reatment

ne*al concentrat ions in leachate and pool water \Tacle

3) generally paralleled d i f f e r e n c e s in water chemis t ry among

t r ea tments In the cont ro l ,meta l levels were lo* or belov

d e t e c t i o n l i m i t s i n l e a c h a t e , b u t l ead a n d c a c m i u m

conce1- t - a t i o n s in pool w a t e r s v e r e h i g h e r , sugges t ing

e r t e - ra l me ta l inputs "ne u n c o v e r e d t r e a t m e n t had m e t a l

levels h i g n e r tnan tne c o n t r o l , but low re l a t ive to ot ie-

t - e a t m e n t s Leacha te and pool c o n c e n t r a t i o n s of c a c m i u - ,

ao, ano z inc we-e e leva^ea in the sod t r e a t m e n t , a~d *"e



dur ing m i d s a m n e r

Soc "he second vegetat ion t r e a t m e n t rec ieved a layer of

blueg-ass sod w i t h i ts associated topsai l ( aep th

a r > p r o x 2 c m ) , to ^ e p r e s e i t an e s t a b l i s h e d v e g e t a t i / e

cover Vegetat ion on this plot was m o r e dense tnan tie

seed plot but showed similar seasonal g rowth pa t te rns

Sludge Dried sewage sludge f rom the Columbia, Missour i ,

sewage t r e a t m e n t plant was app l i ed in a layer of

approximately 4 cm to this plot Dr ied sludge has been

r f i a e l y used as a f e r t i l i z e r and m u l c h to e n c o a r a g e

revegeta t ion of mater ia ls low in organic mat te r sucn as

the m i n e tailings (Novak and Hasselwander 1980) This

plot d e v e l o p e d a dense grassy sod v»h j . cn v»as less

a f f e c t e d by d r o u g h t c o n d i t i o n s than the seed or SOQ

plots

Leaf Tne ta_lings in this plot we^e covered wi th a laver

of d r i e d s i lver m a p l e ( A c e r s a c c h a - x n u m ) leaves to

examine tne e f f ec t s of natu^al ly-occu^ing organic

cover mater ia l s on leacnate characterist ics A secona
7* of leaves v,as adaed in early 1 983

Water Cnemistry

W a t e r c h e m i s t r y a n a l y s e s w e r e p e r f o r m e d a t t a e

J n i v e r s i t y o f M i s s o u r i E n v i r o n m e n t a l Trace S u o s t a n c e s
D esearch C e n t e r , C o l u m b i a , Missou r i Data on leacnate and

DOO! « a t e r c n e m i s t r y r e p o r t e d h e r e r e f e r t o ana lyses

p e - f o r m e d b y n a r * o o d ( 1 9 8 4 ) o n s a m p l e s f i l t e r e d t rough

n e n b - a n e f i l te -s w i t h 0 4 5 m i c r o m e t e " n o m i n a l oo~e c^aaete1"



11

Tacle 3 i^etal concentra t ions in f i l tered leachate and pool

ta.'-er V a l u e s in f i r s t row for each meta l are n e a n s of pool

sa^o.es, s econd row values a re l eacha te m e a n s U n i t s a re

z . ic -og-a rs / l i ter excep t 2n and r tn , m g / x . t e r Data f r o m

E a ~ v o o d ( 1 9 8 4 ) A s t e r i s k i n d i c a t e s one o r m o r e sampj.es

b e l o w d e t e c t i o n l i m i t , t h e s e va lues s e t a t o n e - h a l f

d e f e c t i o n l imi t for calculations

1 etal

N

Cc

Cu

I'n

Hi

Pb

Zn

Treatment
Control Uncove red Seed

4 5 5
2 5 5

0 21* 0 32* 0 64
<0 2 5

<10 < i
<10 <1

06* 0
2 0 1

<1 0 6
<10 16

1 7* 1
07* 8

<0 01 0
<0 01 1

0

10
10

7*
4

8*
0*

9*
2

03*
26

14

11
45

1
10

18
103

1
3

0
2

4

6*
6

4*
2

6

7*
9

04*
06

0
9

0
1

0
6

1 1
29

2
17

0
2

Sod

5
6

71
7

0
2 0

7*
3

8*
0

6*
6

08
09

Sluoge Leaf

6 8
5 _ 6

0 38* i 06
10

17
75

2
8

10
33

1
11

01

86

2*
2

6*
4

3*
2

7*
2*

02*
28

7

1 1
24

49
440

18
108

• 3
48

0
4

45

1*
5

3

3*

2
8

24
03



Table 2 Chemical characteristics of f i l te-ed leachate and

pool va te r samples col lected M a y - O c w o b e - 1933 Values

l is ted ir f i r s t row for each p a r a m e t e r a~e seans of pool

samples , second '"ov. values are l eacha te zeans Uni t s

(except pH) a re t ag / l i t e r Data a re f r o m d a r w o o d (1984)

A s t e r i s k i n d i c a t e s o n e o r m o r e s amples o e l o w d e t e c t i o n

l i m i t s , these values w e r e se t a t one-half d e t e c t i o n l i m i t

for calculations

Parameter

*

t>H

Total
A i < a l i n i ~ y
(as CaCO-^)

Ca -r Mg
nardness
(as CaCOO

Iwtrate

Phospno^us

Organic
Carbon

Treatment
Control

4
2

8 01
7 45

95
77

1 i4
187

<5
36 0

0 073*
<0 05

3 3
4 5

Jntreatea

5
4

8 24
7 18

78
106

109
189

2 6*
10 4

0 128
0 1 1 2 *

3 1
1 6

Seea

5
4

8 00
6 87

77
88

121
180

14 5*
40 2

0 158
1 030

7 4
14 0

SOQ

5
5

8 14
7 .2

87
135

1 1 6
170

2 7*
10 3

0 160
0 046*

4 1
4 3

Silage

6
4

7 65
7 05

52
42

97
239

2? 4*
91 3

o 290
0 o40

9 6
20 4

Leaf

8
5

7 76
7 17

69
180

i 02
253

10 2*
21 2

0 104
0 192

15 1
14 0



MSTdODS AND MATERIALS

Invertebrate Exposures

T h r e e b e n t n i c m a c r o i n v e r t e b r a t e s ^ e r e c n o s e n f o r

l edcha t e e x p o s u r e s based on the i r s i m i l a r i t y to typical

O z a r k s t r e a m f a u n a , the i r su i t ab i l i ty for use in

b i o a c c u m u l a t i o n and c h r o n i c t ox ic i ty s t u d i e s , and the i r

ava i lao i l i ty f r o m local sources Severa l species of

c ray f i sh have been used in f i e ld and l abo ra to ry s tud i e s of

metal bioaccumulation and toxicity (Bubschmann 1966, V e ^ m e e r

1972, T^orp et al 1979, Anderson and Brower i960, Knovlton

et al 1983) Orconec tes n a i s , a species occur r ing in

s t reams of tne Ozarks and southern plains (Robbs 1976), \s.s

o o t a i n e d f r o m a popula t ion in an e x p e r i m e n t a l pond on the

C" ?^L g r o u n d s Young-of - the -year 0 nais w e r e used j.n

l eacha te exposures because of tne i r re la t ive ly small s i ze

ana tne i r rapia growth througn a series of 6-10 mol*s aunng

thea.r f i rs t growing season One hundred crayfish vith mean

rostral-carapace length of 100 inm were stocked in each pool

in ear ly July 1 9 B > , and a l lowed to range f r e e l y IP t ie

gravel substrate of the pools dur ing a 120-day exposure All

c r a y f i s n v e r e co l lec ted and coun t ed a f t e ~ 30 and 60 davs

e x p o s u r e and ros t ra l -carapace leng th was m e a s u r e d on a

randoi subsaaiple of 25 ind iv idua l s On eacn sample da t e ,

f i v e t o t e n c r a y f i s h f r o m e a c h pool w e r e f r o z e n i n

polyethylene bags for later metal analysis All surviving

c r & y f i s h v e r e c o l l e c t e d , c o u n t e d , a n d m e a s u r e d a f t e r 1 2 0

davs C - a y f i S n f r o m each pool r f e r e t hen r a n d o m l y s o r t e c



seed t - e a t m e n t had r e l a t i v e l y h i g h levels of a l l m e t a l s

except lead Despite the e f fec t s of tre slaage t r e a t m e n t on

leachate and pool r fa te r cnemis t ry , metal concen t ra t ions *ere

g e n e - a l l y n o t h i g h i n t n i s t r e a t m e n t Leacha t e f r o m t i e

s ludge t r e a t m e n t was high in coppe r ana c a a m i u m , but pool

• a ter had low c o n c e n t r a t i o n s of m o s t m e t a l s The h ighes t

overall metal concent ra t ions occurred in the leaf t r ea tment

T i e l e a c h a t e f r o m t h i s t r e a t m e n t l a d m u c h h i g h e ~

c o n c e n t r a t i o n s of z i n c , lead and m a n g a n e s e than o t h e r

t ^ea^men t s and pool water had highest concen t ra t ions of all

metals except copper and



c o m m e r c i a l p e t f o o d r e c o m m e n d e d b y B i e v e r ( 1 9 6 5 ) A

p r e l i m i n a r y 30-day e x p o s u r e vas c o n d u c t e d an t he l e a c h a t e

pools in October 1983, w i t h two rep l ica te c o n t a i n e r s pe~

pool / d a i t i o n a l m i d g e e x p o s u r e s w e r e c o n d u c t e d i n t " e

l abora to ry in N o v e m b e r - D e c e m o e r 1933 oue to low v a t e r

temperatures and slow m i d g e growth rates in leachate pools

L a b o r a t o r y e x p o s u r e s o f 1 0 a n d 2 5 days d u r a t i o n w e r e

c o n d u c t e d us ing pool w a t e r f r o m four t r e a t m e n t s ( c o n t r o l ,

u n c o v e r e d , s o d a n d l e a f ) , w i t h t h r e e r e p l i c a t e s p e r

t r e a t m e n t i n each e x p o s u r e W a t e r i n t h e l a b o r a t o r y

exposures >.as replaced daily with f resh (less than 24 hours

after collection) pool ^.ater and food suspension vas addec

at a l t e rna te w a t e r changes G r o w t h in total length was

measured for surviving larvae after pool and lao exposures

A d d i t i o n a l l y , d e v e l o p m e n t stage ( larval ins ta*- , pupa o-

a d u l t ) * a s r e c o r d e d f o r a l l m i d g e s a f t e r l a b o r a t o r y

exposures Instar de t e rmina t ions were made cased on heaa-

capsule W i d t n A l l m i d g e m e a s u r e m e n t s w e r e m a d e us ing a

b i n o c u l a r d i s s e c t i n g scope equ ipped w i t n an ocular m i c r o -

mete"

Invertebrate Metal Analyses

F r o z e n i n v e r t e b r a t e samples f r o m leachate e x p o s u ~ e s

w e r e d i v i d e d in to c o m p o s i t e s amples f o r lead a n d c a d n i u m

a n a l y s i s c o n s i s t i n g o f 1 - 4 c r a y f i s h o ~ 1 - 7 m a y f l i e s ,

d e p e n d i n g on t he s i ze o f i n d i v i d u a l s N i d g e l a rvae f r o m

pooj. exposures w e r e combined into a single composi te sample

per t r e a t m e n t , vh i l e each "eplicate f r o m lao exposures v,as



x n t o * « / o g r o u p s , one o f w h i c h was f r o z e n in tac t fo r m e t a l

analysis Tne remain ing c ravf i sh f r o m eacn pool w e ~ e held

A" pool *a te r for f o u r days at f i v e deg ree s C to al lorf

clearance of gut con t ends , then f r o z e n for setal analyses

The " b u r r o w i n g m a y f l y d e x a g e n i a b i l i n e a t a , o f r ecen t

interest as a bioassay organism (Freml ing and Hauck 1980),

v,as also chosen for use in leachate exposures A s imi l a r

s p e c i e s , Sphoron a l b u m , occurs c o m m o n l y in the Big R i v e r

(V .he l an 1983) In late June 1983, nymphs f r o m a pond

cu l tu re at CNPRL w e r e s tocked in the pools in s c r e e n e d

enclosures supplied with plastic tube art if icial suostrates

ana fed periodically with a suspension of Tetra-Min tropical

fisn food The nymphs began to emerge during pool exposures

and those that r e m a i n e d w e r e collected af ter 22 days for

neta l analysis No a d d i t i o n a l m a y f l y exposures w e r e

a"empted aue to a lack of suitable early instar nynuhs

The miQge Ch^onomus r ipa r ius , a m e m b e r of a V r i d e s o r e a d

and eco logica l ly i m p o r t a n t g r o u p , was c n o s e n x o re tnace

H e x a g e n i a for a d d i t i o n a l leachate exposu re s Sggs and

la rvae of c n i r o n o m i d m i a g e s nave been v , i d e l v used in

i r / e r t e b r a t e t ox i c i t y t e s t i n g ( T h o r n t o n a n d V i l h m 1975 ,

W e n t s e l et al 1977, A n d e r s o n 1980, A n d e ^ s o n et al 1980 )

ana _ n d i v i d u a l s of this species were availaole f r o m CNP^L to

es^acl i sh a laboratory cul ture Midges exposed TO leac^ates

* e ~ e held in 0 5 l i t e r p las t ic c o n t a i n e r s \ v i t n f i n e nesh

w i n d o w s to allow rfa ter c i rcula t ion and provided v i x n a f ine

sand substra te T h i r t y second- ins tar (4-5 day old) larvae

tier e s t o c _ e d in e acn c o n t a i n e r L a r v a e * e r e fed a



per c o n c e n t r a t i o n )

Quality assurance proceaures were fol lovea d u r in g al l

metal analyses Diges t ion and analysis of National Bureau

of Standaros oyste~ tissue (Stanoara R e f e r e n c e Tissue

# 1 5 6 6 ) y i e l d e a r e c o v e r i e s of 96 9 + 3 5 and 101 3 ^ 5 8

p e r c e n t ( m e a n ± SE) for 13 leaa and 16 c a d m i u m analyses,

r e spec t ive ly R e p l i c a t e analyses of i n v e r t e b r a t e and

re ference tissue samples showed mean percent reproducio i l i ty

(di f ference in concentration between replicates divided by

m e a n c o n c e n t r a t i o n , exp re s sed as p e r c e n t ) of 12 3£ for

c a d m i u m ( N = 2 3 ) and 12 0£ fo r lead ( N = 1 9 ) Some p r o c e d u r a l

blanks s h o w e d de t ec t ab le levels of lead and c a d m i u m ,

probab ly due to c r o s s - c o n t a m i n a t i o n a m o n g samples d u r i n g

ashing No co r rec t icn v,as maae for mean blank levels of 9 5

nanograms leaa ana 1 5 nanograms caamium

Statistical /etnods

All statistical data analysis vas p e r f o r m e d using the

Sta t i s t i c a l A n a l y s i s System (S /S I n s t i t u t e 1982) OP the

U n i v e r s i t y of K i s s o u ~ i - C o l u m b i a c o m p u t e r s y s t e m

D i f f e r e n c e s in meta l b i o a c c u m u l a t i o n o r leachate t o x i c i t y

among t r e a t m e n t s , s tuay species o r s a m p l i n g da tes w e ~ e

tested using rank-basea nonpa rame t r i c tests The ?-uskal-

Wallis test and mul t ip le compar ison procedure (Conover 19SO)

w e ^ e used for o n e - ^ a y ana lyses Two-way ana lyses (e g ,

t r e a t m e n t X d a t e ) w e r e p e r f o r m e d in an analogous f a s h i o n

u s i n g a rank t r a n s f o r m a t i o n p r i o r to a p p l y i n g t ^ o - v a y

ana lys i s o f v a r i a n c e and D u n c a n ' s new m u l t i p l e -ange test



1 0

ana lyzed as a c o m p o s i t e M e a n length was d e t e r m i n e d for

each compos i t e Samples w e r e placed in porce la in c ruc io les ,
*v

d ried at 70 degrees C for 24 hours, ^e^ghed, and ashed at

4CO-450 degrees C for 24 hours j.n a muffle furnace Asned
*« ^

samples w e r e a c i d i f i e d w i t h u l t r a p u r e 10# n i t r i c a c i d ,

-, r emain ing solids were pulver ized wi th a. polyetnylene pipet

t i p a n d t h e a c i d i f i e d s a m p l e s w e r e t r a n s f e r r e d t o
*

| bo^osilicate glass vials and heatea to suo-boiling on a hotj
plate for a p p r o x i m a t e l y ten m i n u t e s to aid d i s s o l u t i o n of

' the ash A small amount of insoluble mater ia l , apparent ly

ingested sed iment , *ras ooserved in some \*nole-body samples

All glassware and instruments were acid-washed in 10/£ n i t r i c

| acid and r insed w i t h u l t r apu re d e i o n i z e d ^ a t e r o e f o r e use

in sample preparat ion and analysis
v Lead and cadmium analysis tfas pe r fo rmed using a Periin-

S l n e r m o d e l 5000 a t o m i c a b s o r p t i o n spec • u ~ o p n o t o : n e t e ~

eq-.pped wi th a microprocessor-cont ro l led iGA-500 g^a^hi te

f u r n a c e Tne m e t h o d of s t a n d a r d a d d i t i o n s ^as used to

ccTect ror sample matr ix in t e r f e rences Equal volumes of

tn-ee s tandard concentra t ions , prepared f r o m stocK solut ions

containing 00, 10, and 20 micrograms Pb/ml and 00, 0 1 0 ,

ana 0 20 m i c r o g r a m s C d / m l w e r e addea to equal al iquots of

eacn s a m p l e The v o l u m e o f s t a n d a r d a d d e d and the

sensi t ivi ty of ^he inst rument were adjusted according to tne

aosorp^ion of undiluted samples Metal concentrat ions were

d e t e r m i n e d by linear regression of standard concentrat ion on

aoso rbance Reg re s s ion ^as p e r f o r m e d on six X I pairs per

s a ~ D l e (3 s t a n d a r d c o n c e n t r a t i o n s X 2 a b s o r b a n c e r e a d i n g s
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B I O A v A l L A B I L I T Y 0? LHAD AND C A D M I U M IN TAILINGS L3MC^?2

INTPODUCTION

neavy m e t a l s e n t e r a a u a t i c hab i t a t s in a v a r i e t y of

f o r m s f r o m bo th na tu ra l and a n t h r o p o g e n i c sou rces ana

accumulate in the tissues of aquatic organisms (Forstner and

V i t t m a n 1980) A b s o r p t i o n f r o m so lu t ion over gills and

othe r exposed body surfaces is generally the most impor tant

route of metal uptake, but metals can also be mobilized from

ingested solids and aosorbed in the digest ive tract (Pa t r ick

and Loutit 1978, Bootie and Knauer 1972) Dissolved metals

t e n d t o a d s o r b t o s o l i d s i n t h e a q u a t i c e n v i r o n m e n t ,

i n c l u d i n g tne s u r f a c e s o f aquat ic o rgan i sms A d s o r b e d

aetals apparen t ly en te r aquat ic o r g a n i s m s by p a s s i v e

d i f f u s i o n m e d i a t e d b y b i n d i n g t o p r o t e i n m o l e c u l e s ( B r y a n

i 97 i ) Because m e t a l s t end to accumula t e in aquatic

s e d i m e n t s , benthic organisms are especially prone to metal

bioaccumulat ion (Anderson et al 1978, Enk and hatnis 1977)

Cha racterist ics of aquatic organisms exposed to heavy

m e t a l s a f f e c t bo tn ra tes of meta l b i o a c c u m u l a t i o n and the

r e l a t i ve i m p o r t a n c e of d i f f e r e n t routes of metal up take

Passive absorption of metals over body surfaces is favored

by high s u r f a c e a r e a / m a s s r a t ios due to m o r p h o l o g i c a l

charac te r i s t ics sucn as small body Sj.ze and large external

guls ( S m o c ^ I983b) D i f f e r e n c e s in the p e r m e a b i l i t y ana

chemical composi t ion of body surfaces may also affect metal

u p t a k e f r o m w a t e r Fo r e x a m p l e , t he heavy ca l ca reous

e j o s k e l e t o n s of s o m e c rus t aceans are less p e r m e a b l e to



( r a n k A N O V A / D N H R T , C o n o v e r a n d I m a n 1 9 8 1 ) T h e d e g r e e o f

associat ion b e t w e e n inver tebra te metal o icaccuaa la t ion ana

aetal toxici ty and the association of tiese va-j.ables «r i th

v , a t e r a e t a l c o n c e n t r a t i o n s w e r e t e s t e d u s i n g l i n e a -

r e g r e s s i o n a n d P e a r s o n ' s p r o d u c t - m o m e n t c o r r e l a t i o n

c o e f f i c i e n t (Snedecor and Cochran 1980) S ta t emen t s of

s t a t i s t i c a l s i g n i f i c a n c e i n d i c a t e p-values less tnan or

equal to 0 05 unless stated o the rwi se
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(Gillespie et al 1977, Patrick and Louti* 1978, St.nsoi and

Daton 1935) Meta l b ioaccumula t i on by c a c r o n v e - t e c r a t e s

and o ther aquat ic o r g a n i s m s f r o m s t r e a m s in sou theas t

I i s sou r i has "been r e l a t e d xo inputs of h e a / y m e t a l s i r o n

lead m i n i n g activi t ies (Gale et al 1973, Scnmitt and Pinger

1982, Vne lan 1983) High lead c o n c e n t r a t i o n s in f i sh f r o m

the Big R i v e r , St F ranco i s Co , M i s s o u r i , have p r o m p t e d

w a r n i n g s of possible hea l t h haza rds to c o n s u m e r s of f i sh

from contaminated reaches of this stream (Czarnes^i 1980)

Tne Big R i v e r and i t s t r i b u t a r i e s r e c e i v e i npu t s of m e t a l s

f rom erosion of fine-grained lead mine tailings into river

enamels and solubi l izat ion of metals in leachates f r o m

la-ge tailings deposits (7ramer 1976, NovaK and Hasselvarder

1980)

Measures proposed for stabilization ana revegetat ion of

aoanaoneo tailings deposits in the Big Rxve1- a ra^nage (l.ovak

ana Hasse lmanner 1980) may affect the mobi l i za t ion of metals

in t a i l ings l eacha tes and t h e i r avai labi l i ty to aqua t i c

o-ganisms in the Big River system Physical, cnemical and

b i o l o g i c a l p r o c e s s e s a s s o c i a t e o v , i t h t a i l i n g s c o v e r

m a t e r i a l s could a f f e c t t he p r e d o m i n a n t f o r m s o f leachate

m e t a l s R e d u c t i o n in pH of leachate due to d e c o m p o s i t i o n

processes in ove r ly ing o rgan ic ma te r i a l s wou ld increase

solubility of inorganic metal compounds such as carbonates

and favor release of me ta l s adsorbed to solids ( A a a i n s ana

Sanders 1984) H o w e v e r , high concent ra t ions of calcium ana

m a g n e s i u m caroonates vou ld favor f o r m a t i o r of co~nlexes a-ia

precipi ta tes vhuch could r e d u c e metal ava.ilaoo.nty ( O ' S n e a
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neta l s tnan t n i n n e r , less c a l c i f i e d "body s u r f a c e s such as

t n e c u t i c l e o f i n sec t s ( B r y a n 1 9 7 1 , F o r s t r e r a n a W i o t m a n

19SO) iletals may oe accumulated to high concen t ra t ions in

•^ne c rayf i sn exoskeleton, but tnese metals are not readi ly

re leased to i n t e rna l t issues and are largely lost d u r i n g

mol t ing (Bryan 1967, Knowlton et al 1983) The impor tance

of metal uptake f r o m ingested sed iments may be increased in

organisms sucn as f i l ter-feeders which select fine organic

pa r t i c l e s h igh in available meta l s ( S m o c k 1983a, V h e l a n

1983)

T h e c h e m i c a l S T D e c i a t i o n o f m e t a l s a f f e c t s t h e i r

bioaccumulation by aquatic organisms Heavy metals a^e most

available as f r e e dissolved ions, but in natural w a t e r s a

la^ge p r o p o r t i o n of total meta l c o n c e n t r a t i o n s may "be

p r e s e n t as soluble c o m p l e x e s w i t n o rgan ic or inorgan ic

l iganas o^ in p rec ip i t a t ed or adsorbed f o r m in s u s p e n d e d

solids or bot tom sed iments (Pors tner and r f i t t m a i 1980, ^loore

and Ramamoor thy 1984) Metal complexes are gene rally less

availaole tian f ree ions, but complexat ion may enhance meta l

u p t a k e o y m a i n t a i n i n g m e t a l s i n s o l u b l e f o ^ m s u n a e r

c o n d i t i o n s wh ich would o t h e r w i s e favor p r e c i p i t a t i o n or

a d s o r p t i o n ( B r y a n 1 9 7 1 ) S e d i m e n t - b o u n d o r t > r e c i p i t a t e a

m e ^ a i s m a y b e a v a i l a b l e f o r u p t a k e b y b u r - o w i n g o r

aet-i t ivo^ous species (Bootne and Knauer 1978)

rfetal concent ra t ions in benth ic m a c r o i n v e r t e b r a t e s have

b e e n s t u d i e d a s i n d i c a t o r s o f h e a v y m e t a l p o l l u t i o n

' . A ^ a e r s o n and Browe- 1978, iTenr ing 1976) and as a pa tnv ,ay of

meta l accumula t ion in h igher o r d e r consume r s , inducing man
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Table 4 Mean whole-body lead bioaccuaulation (ug/g dry wt

- SI) by three invertebrates during exposures to mine

-ailings leachates For each sa-nple date, treatments V.ITI

-ne sane letter are not significantly different (Kruskal-

^allis test with multiple comparisons, p£0 05)

C-ayfisn

Days of Exposure
30

1.

Control

Dncove-ed

Seed

Sod

Sludge

Leaf

Mayfly and

1

1

2

3

12

21

Midge

7

7

4

9
2

2

4

+

T

+

+ 1

±5
+2

Kayfly (

\

Control

Uncovered

Seed

Sludge

Sod

Leaf

16

24

24

35

37

193

7

9

4

0

0

3

3

+8

+7

+6

+3

±3

21 a

27 a

17 b

1 b

2 c

3 c

Species (
22) Mi

5 a

5 ab

0 ab

8 be

3 be

+ 30 c

2

4

4

5

19

46

60

3

2 +

3 +
1 +

0 +1

9 ±4

3 ±5

34 a

52 b

26 b

1 b

2 c

3 c

days of exposi
dge (10)

4

5

7

13

3

5 ±
5 +

U^_-T-

M^B——

8 +1

12 a

18 b

0 c

5 ±1 4 d

1

4

3
7

14

32

are)
Midge

5

7

20

1

1

5

9

9

9

1

1

3

4

20

6

± 1?
+ 62

± 31
+ 86

+2 B

*Z? 2

(25)

3

_

+ 85

•̂•̂

— ̂̂ ^

+ 40

± 61

a

b

b

c

Q

e

a

b

c

* =5
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a^a i ancy 1978) D i s s o l v e d o r g a n i c c o m p o u n d s such as

f - l v i c ac ids l eached f r o m o r g a n i c d e t r . ^ u s o r f o r m e d b y

m . c r o o i a l d e c o m p o s i t i o n i n c r e a s e m e t a l s o l u o i l i t y d u e t o

t i e i ~ abi l i ty to b i n d m e d a l s i n m e t a l o r g a n i c c o m p l e x e s

(Ramamoor thy and Kushner 1978)

This study examined the biological availabili ty of lead

and c a a m i u m in leachates f - o m lead m i n e ta i l ings u n d e r

severa l cover m a t e r i a l t r e a t m e n t s , i n c l u d i n g u n c o v e r e d

t a i l ings , vege ta t ion and organic m u l c h e s (See C n a p t e r 2 )

Aqaatic inver tebra tes representa t ive of the 3±g River fauna

^ e ~ e e x p o s e d t o t a i l i n g s l e a c h a t e s t o a d d r e s s t h e s e

objec t ives

( 1 ) d e t e r m i n e lead a n d c a d m i u m b i o a c c u m u l a ^ i o n b y

aquatic inver tebrates f rom m i n e tailings leachates

g e n e r a t e d u n d e r d i f f e r e n t c o v e r m a t e r i a l

t r e a t m e n t s , and

(2 ) evaluate the i m p o r t a n c e o f a b i o t i c and b i o t i c

influences on the bioavailability of heavy metais

in mine tailings leachates

RESJLTS

Cover T r e a t m e n t E f f ec t s

^ h o l e - b o d y lead c o n c e n t r a t i o n s in y o a n g - o f - t h e - y e a r

crayf ish »/ere s ign i f ican t ly d i f f e r e n t among ^ - e a ^ m e n t s a f te r

30, 60 and 120 days of l e a c h a t e e x p o s u r e ^ - u s k a l - V r a l l i s

- e s t , p<_0 0 5 , T a o l e 4 j & i u l * i p l e c o m r a - j . s o n s a m o n g
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( 5 4 ug/g) c o n f i r m e d this p r o b l e m , a l though t h e T r e a t m e n t

d i f f e r e n c e s o b s e r v e d i n m a y f l y s a m p l e s a r e s t a l l

i n f o r m a t i v e Leaa c o n c e n t r a t i o n s w e r e n o t ob ta i n ea f o r

m.cges f r o m t^e seed and sludge t rea tments da r ing laoo-atory

exposu re s , but larvae f r o m a l l o ther ta i l ings t r e a t m e n t s

accumulated significantly more lead than controls, wi tn tne

leaf t rea tment again showing the hignest value

Caamiuni was generally accumulated to lo^er levels than

lead by all three invertebrate taxa (Table 5) Di f f e rences

a-ong t rea tments were also less marked for caamium, although

signif icant t rea tment d i f f e r ences were ooservea for crayfish

and m i d g e s C r a y f i s h f r o m the uncove red and v e g e t a t i o n

t rea tments nad slightly lower caamium levels than controls

in 30-day samples C a d m i u m levels in c r a y f i s h f r o m the

uncovered t reatment remained lower than controls throughout

tne exposure C r a y f i s n c a d m i u m concen t ra t ions in botn

v e g e t a t i o n t r e a t m e n t s w e r e s i g n i f i c a n t l y h ighe r t n a n x n

the u n c o v e r e d t r e a t m e n t a f te - 60 days, and c r a y f i s h in tne

seea treatment reached cadmium levels significantly nighe^

than con t ro l s in 120-day samples C r a y f i s n f r o m organic

c o v e r t r e a t m e n t s s h o w e d h ighes t c a d m i u m b i o a c c u m u l a t i o n ,

w i t n levels s ign i f i can t ly h igher than other t r e a t m e n t s on

al l s a m p l i n g da tes ( e x c e p t for the seed t r e a t m e n t on oay

120) I n l a b o r a t o r y e x p o s u r e s , m i d g e l a rvae f ^ o c t ne

u n c o v e r e d t a i l i n g s t r e a t m e n t also h a d c a c m i u m

c o n c e n t r a t i o n s l o w e r t h a n i n c o n t r o l s , b u t c a d m i u m

concent ra t ions v > e r e s ignif icant ly increased in la-vae f r o m

tne soa and leaf t rea tments Mean cadmium levels in ma/f ly
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treatments indicated that crayfisn from vegetation and
v»

__ o-ganic cover t r e a t m e n t s had s igni f icant ly i_g"e- mean lead

_ e v e l s than con t ro l s a f t e r 30 days and c r a y f i s h f - o n al l

t a i l i n g s t r e a t m e n t s h a d s i g n i f i c a n t l y n ^ g n e r _ e a d levels

t han con t ro l s in subsequen t s amp le s Of tne v e g e t a t i o n

' t r e a t m e n t s , the sod t r e a t m e n t s n o w e d i n c r e a s e d c r a y f i s h

lead concent ra t ions compared to the uncovered t r ea tment but

the seed t rea tment did not Eignest Dioaccumula t ion of lead

-j occurred in the organic cover treatments (sludge and leaf),
i

» t b i c h snowed s ign i f ican t ly higher m e a n C T - a ~ f i s h lead

concentrations than controls or vegetation t reatments on all

s a m p l i n g da t e s C r a y f i s h f r o m t h e leaf t r e a ^ m e n ^
1
. consistently showed iignest mean lead concen t ra t ions , wn ich

v.e-e s ignif icant ly higher than the sludge t-eatment by the

ena of the 120-day exposure

' S i m i l a r t r e n d s in lead b i o a c c u m u l a t i o n w e r e o o s e - v e a

fo r m a y f l y ana m i d g e exposures (Tab le 4 ) ana d i f f e r e n c e s

' among t r ea tment s we re s ign i f ican t for b o t n species Na^ f ly

n y m p h s s n o w e d slight i nc rea se s i n leaa c o n c e n t r a t i o n

c o m p a r e d to c o n t r o l s in the u n c o v e r e d t a i l i n g s , seea and

Siuage t r e a t m e n t s , bu t only n y m u h s f r o m "he SOQ and leaf

t r e a t m e n t s s n o w e d lead levels s i g n i f i c a n t l y n .ghe r t h a n

c o n t r o l s (The lead c o n c e n t r a t i o n of 193 ug /g in m a y f l i e s

f r o m tne leaf t rea tment was tne highest in /e- teo-ate metal

le^el obse rved in this s tudy H o w e v e r , t ie iigh lead

concent ra t ion ooserved in nymohs f rom the d o l o m i t e control

(15 7 ug/g) suggested a p r o b l e m w i t h leaa c o n t a m i n a t i o n

l^e nigh lead c o n c e n t r a t i o n in p re-exposur e sayf.y samples
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from vegetation and organic cover treatments were

h.£"er< than controls and uncovered tailings, w_th a maximum

of 7 5 ̂ g/g in the sludge treatment, bat cadmium le/els in

aayfiv samples were variable ana treatment Differences uere

not significant

Temporal Variation

Significant changes in metal concentrat ions over t i m e

occurred in midge and crayfish exposures (Rank AHOVA/DlsMRI)

Leaa concentrations in midges did not d i f fer significantly

be*"ween 10- and 25-day exposu re s M i d g e s f r o m the leaf

t rea tment showed increased mean lead concentrat ions in 25-

day samples, vhi le other t rea tments showed slight decreases

C a c m i u a concen t r a t i ons in m i d g e larvae f r o m tai l ings

t^eatme^ts vere significantly reduced between 10- ana 25-cay

exros^ -es The d o l o m i t e con t ro l was not i n c l u d e d in th is

a ^ a l y s - L S because al l con t ro l larvae had e i t he r pupa-ed OT-

ene^gec afte- 2? days Lead and cadmium concentra t ions in

c-ayfish snowea significant overall increases be tween JO and

60 oay samples, but d i f f e r e n c e s b e t w e e n 60- and i20-day

n e a n s ^ e r e no t s i g n i f i c a n t Overa l l , lead c o n c e n t r a t i o n s

dec. ined and cadmium concen t ra t ions increased b e t w e e n day 60

a_nd aay 120, but bo tn metals r e m a i n e d s igni f icant ly h^gner

tha- 30-day levels

T e m p o r a l changes in c rayf i sh metal c o n c e n t r a t i o n s

d i f f e r e d among cover t rea tments (Table 6) In the control ,

ne. -ne" l=aa nor c a c m i u m concen t r a t i ons in c r a j f i s n cnangea

s^g- . i icant ly fron: 30-day levels (Kruskal-aal l is test)
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Taole 5 ilean whole-body c a d m i u m bioaccunalat ion (ug/g c!-y

wt _+ SZl Dy th ree i n v e r t e b r a t e s d u r i n g exposures to n i n e

t a i l i ngs l e acna t e For eacn sample d a t e , t r e a t m e n t s - r i t h

t h e sane l e t t e r a r e n o t s i g n i f i c a n t l y d i f f e r e n ^ ( / ruska l -

Wall is test v » i t h mul t ip le compar isons , p<0 05)

C-ayf isn

N

C o n t r o l

U n c o v e r e d

Sod

Seea

Leaf

Slaage

2

1

2

1

4

4

30

3

7 +

6 +

3 ±

*Z
4 +

9 +

28

69

43

21

43

61

a

a

a

a

b

b

Days

2

1

3
4

13

1 1

of

7

4

7
8

7

0

60

3
+

+

+

+

Exposure

84 ab

33 a

65 b

65 b

+ 1 8 c

+ 88 c

2

1

4

8

1 1

14

120

6

5 T

7 ±
0 z

1 + .

8*Z4

B -3

37 ab

23 a

58 b

43 c

4 c

0 c

Mayfly and midge

________Species (days of exposure"1_______
Mayfly (22) Midge (10) hiage (25 )

N 3 3 3
Cont ro l 2 4 + 1 3 a 4 0 z 1 4 b

U n c o v e r e d 2 4 _ + 5 6 a 30 + 26 a 12 + 04 a

S O Q 2 8 + 5 5 a 4 9 + l 6 c 2 4 + 2 2 o

Seec 3 9 + 59 a

Leaf 5 3 ± 1 4 a 5 9 ± 9 5 a 2 6 + 0 7 b

Slucge 7 3 +3 0 a

* n=5
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Lead concentrat ions in crayf ish increased s ign i f ican t ly

f rom 30-day levels in the uncovered and seed t r ea tments

after 60 days and in the sod treatment after 120

days Caamiua concent ra t ions in crayf ish increased

signif icantly b e t w e e n 30- and 60-day samples in the seea,

s ludge and leaf t r e a t m e n t s , and a f u r t h e r s i g n i f i c a n t

i n c r e a s e o c c a r r e d in the 120-day sample f r o m the seed

t reatment

Species Differences

D i f f e r e n c e s in b ioaccumala t ion among tne th^ee species

w e r e m o r e m a r k e d fo r lead than c a d m i u m (Table 7 ) Lead

c o n c e n t r a t i o n s i n m a y f l i e s ( 2 2 - d a y e x p o s u r e ) w e r e

significantly higher than concentra t ions in e i tner crayfisn

(30-aay) or midges (10- or 2p-aay, rank ANOVA/DNMRT) Lead

concent ra t ions we^e also s ignif icant ly higner in miages tnan

xn c r a y f i s h C a a m i u m b i o a c c u m u l a t i o n v as m o r e s im i l a r

acorg all species Caamium concentrations 11 m i G g e larvae

after af ter 10-day exposure were s ignif icantly higher than

mayflies o^ crayfish, but cadmium concentrat ions were lower

i n 25-day m i a g e s a m p l e s and w e r e no t s i g n i f i c a n t l y

d i f f e r e n t tnan other species Crayf isn in most t r ea tments

even tua l l y a c c u m u l a t e d h i g h e r c a d m i u m levels than those

m e a S w ^ e a i n samples f r o m t h e m i d g e a n a m a y f l y e x p o s u r e s ,

whicn were of shorte" dura t ion

°outes of Me*al Uptake

D i f f e r e n c e s in i nve r t eb ra t e lead concen t ra t ions among
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Table 6 Differences in mean crayfisi lead and caamiam

concentTation (ug/g dry wt ) among "-^ree sampling dates
v

_ To- eacn t r e a t m e n t , da tes w i t h the sane l e t t e r a re not

s^gi-f icant ly d i f f e r e n t (KrusKal-Wal l i s *est ^x th mul t ip le
!

-I comparisons , p£0 05)

Day _________________Treatment____________
(i\) Control Uncovered Seed Sod Sluage

30 17 ab 1 7 a 2^ a 39a 1 2 2 a 21 2 a
(4 )

I 6 0 2 2 b 4 3 b 4 1 b 5 0 a 1 9 9 a 4 6 3 a
J (3)

1 1 2 0 1 1 a 4 5 b 3 9 b 7 9 b i 4 9 a 3 2 1 * a
-» (6)

Caamium

3 0 2 7 a 1 6 a 1 6 a 2 3 a A Q a £ 4 a
( 4 )

60 27a 1 4 a 48b 37a 11 0 b 11 8 o
(3 )

120 25a 1 7 a 8 1 c 40a U 8 b i 3 7 * b
( 6 )

* lM=5
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The cover treatments vere strongly correlated witn leac.

concentrations in leachate water ^egression of lead

concentrations in mayfly and crayfish versus leacnate for

tie si> treatments produced significant positive slopes

(Figure 1) Similar comparisons of lead concentrations IP

invertebrates versus pool water were not as instructive, due

to the clumping of lead concentrations near analytical

detection limits in most treatments (Table 3) Leaa

bioconcentration factors (BCF), ratios of lead concentration

in invertebrates (in ug/g) to pool water (in ug/L), *ere

used as an alternative to correlation analysis (Taole S)

The consistency of lead BCF values witnin each species is

stri*_ng in lignt of the range of leaa bioaccunalation among

t-eatmeits ana tne analytical problems associated vith

measuring the low lead concentrations in pool water The

sluage t-eatment is an exception, witn mayfly ana crayfish

leaa 5C? values 50-300^ greate^- than those from ot*e-

treatments

Treatment diffe-ences in invertebrate caamiam

Dioaccjnulation did not correspond closely to cadmium

concentrations in pool or leachate water Invertebrate

cadmiUD concentrations vere not significantly correlated

v,.th cadmium concentrations in v,ater (Figure 1) Cadmium

5CF values (Table 8) also indicate the inconsistent

relationsnip between caamiusi concentrations in invertebrates

and water Large differences in BCF between the leaf and

sludge treatments, both of which had hign invertebrate

cadmium bioaccumalation, suggest that tie imnortance of
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1
~\

30

T a o l e 7 D i f f e r e n c e s i n m e a n l e a a a n d c a d m i u m

d i e - a c c u m u l a t i o n (N = 3) a m o n g l eac*a-e e x p o s u r e s of t h - e e

.nvertebrates For each me ta l , conce -> t ra j -_o i s in exsosu-es

w i t i the sane letter are not s ^gn i f i can ' l y d i f f e r e n t (Rank

A ^ O \ T A w i t h D i H I R T , p<_0 05) Seed aid s lucge t r e a t m e n t s not

included in analysis

Lead Cadmium"1 ——— —————
(iigh) a Mayfly (22-day) a /u.dge (10-day)

- b Midge (25-day) D i ayfly (22-aay)

b Midge (10-day) b Crayfish (30-aay)

' ( l o*) c Crayfish (30-day) b I icge (25-aay)



?igure 1 Relationship be tv-een mean inve r t eDra te vhole-body I

lead and c a d m i u m c o n c e n t r a t i o n s and m e a n lead and c a d m i u m

concentra t ions in leachates among cover t r ea tmen t s Stars -

" ep re sen t me ta l levels in m a y f l i e s C22-day e x p o s u r e ) , F

c i r c l e s r e p r e s e n t m e t a l l e v e l s i n m a y f l i e s ( 1 2 0 - d a y

e x p o s u r e ) R e g r e s s i o n s of lead c o n c e n t r a t i o n s in I

."ve-teorates ana leachate are s ignif icant at p£0 01

r
r
r
r
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Tacle 8 Bioconcent ra t ion Factors (BCF) for lead ana cadaj iaa

i n i n v e r t e b r a t e s a f t e r l e a c h a t e e x p o s u r e s B C F = n e a n

in e- te t j 'a te me ta l c o n c e n t r a t i o n (ug /g v d i v i o e d by cean

*ate- metal concent ra t ion (ug/L)

Species (days of eyposare)
Crayfish
(120)

lead

Control

Uncovered

Seec

Sod

Sluage

Leaf

Cadniur

Control

Uncovered

Seec

Sod

Leaf

Sludge

0

2

2

3

8

2

1 i

5

12

5

j
11

6

3

3
0

9

4

8

5

7

7

9
1

Mayfly
(22)

11

13

14

H

21

H

11

7

6

4

5

19

3
0

2

1

2

6

4

5

1

0

0

2

Midge
(10)

2 5

2 9

—

3 0
—

1 0

19 0

9 4
—

7 0

5 6

—
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Table 9 Ef fec t s of gut clearance on c r ay f i sn lead ana

c a d m i u m c o n c e n t r a t i o n a f t e r 120-day l eacha t e e x p o s u r e s

V a l u e s a r e m e a n m e t a l c o n c e n t r a t i o n s (ug /g ary * t ^SH;

befo re ( = \shole body) and after ( = gut-cleared) a four day gut

clearance per iod , percent reduct ion f rom whole-oody levels,

and meta l c o n c e n t r a t i o n (ug /g ) in c o m p o s i t e fecal sample

collected dur ing gut clearance period

Whole -body Gut -c leared P e r c e n t
cone (N = 6) cone ( N = 6 ) r e d u c t i o n

Lead

Control

Seed

U n c o v e r e d

Sod

Sludge

Leaf

Cadmium

Control

Jncovered

Sod

Seed

Leaf

Sludge

1

3

4

7

14

32

2

1

4

8

11

H

1

9

5

9

9
1

5

7
0

1

8

8

± 17

± 31

± 62

+ 86

+2 8

+8 2*

± 37

± 23

± 58

± 43
+4 4*

±3 0

0

2

3

4

5

18

2

1

3

7

7

10

7

9

3
2

9

3

4

6
1

1

2

6

± 09

± 45
± 42

± 44

± 59
+ 1 8**

± 15

+ 25

± 1*
+ 1 2

+0 9**

±0 9

36

27

27

46

61

43

4

5

23

13

39

28

Fecal
cone

16

10

127

39

357

20

7

36

35

127

32

63

*•* =3
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•uater cadmium concentrations to invertebrate cad-ium

between these two treatments
-«,

A f o u r - d a y gut c l e a r a n c e p e r i o d ~ e a u c e a lead and

c a d m i u m concen t r a t i ons in c r a y f i s h a f A e " the 120-aay

-* leachate exposu re (Table 9) S i g n i f i c a n t l y l o w e r lead

* j c o n c e n t r a t i o n s w e r e m e a s u r e d i n g u t - c l e a r e d c r a y f i s h

compared to vhole-body samples (rank ANOVA) The proportion
^

' of « rno le -oody c rayf i sh lead c o n c e n t r a t i o n lost d u r i n g gut

c l e a r a n c e r a n g e d f r o m 2 7 # i n t h e u n c o v e r e d a n d s eed

J t r e a t m e n t s to 6 1 "£ in the s l u d g e t r e a t m e n t L e s s e r

•j reductions in crayfish cadmium concentrations we-e measured
J

in crayfish after gut clearance, witn reductions f~om whole-

I oody levels ranging from less than 5/£ in controls to a 39£

in the leaf treatment The percentage of whole-ooay metal

* concentration lost after gut clearance \,a.s higner in

crayfisn f-om treatments with high gut-cleared metal

concentration, particularly for cadmium

Concentrations of lead and cadmium in crayfish feces

collected during the gut clearance period «ere g-eater than
i

levels in crayfish tissues (Table 9) Altnough tnere was

no consistent relationship between fecal ard crayiish metal
i

concentrations among the six treatments, feces f-om control

animals contained low concentrations of botn metals compared

to those f-om tailings treatments Lead concentrations were

v^ery high in fecal samples from the sludge ana, to a lesser

extent, the uncovered treatment Cadmium concentrations

were also high in fecal samples from tne slucge treatment,

out hignest levels occurred in the seea treatment
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high in leac-^ates in the seed treatment but declined to iow

leve_s in toe pool High cadmium concentrations in crayfisn

feca_ samples from the seed Treatment suggest the importance

„ 01 cad^iam uptake from ingested solids in this treatment

Similarly, lo* cadmium levels in crayfisn feces from the soa

treatment may explain the lover cadmium bioaccumulation in

t^is treatment despite water cadmium concentrations similar
»

to otner t rea tments

Tie greatest bioaccumulat ion of both lead and c a d m i u m

occurred in tie organic cover t reatments (sludge ana leaf)

"j Pool w a t e ~ m a i n t a i n e d h ighes t c o n c e n t r a t i o n s of bo th leaa

a n d c a d m i u m i n t h e leaf t r e a t m e n t R e d u c t i o n s i n
Ml

! concentrations of bo An metals between leachate and pool

^ waters were much less pronounced in. this treatment 'This

~ increased netal solubility in tne leaf treatment is

"J probaoly aue to high concentrations of organic liga^as

ca^vooc (19S4) documented the presence of fulvic ac.as ana
HI

hign-molecula^ weight metal complexes in j.eaf leachate ana

pool -waters Increased metal bioaccumulation in the leaf
"
-• treatment reflects the nigh metal concentrations in pool

", wate", altnough gut metal loadings were also high in

crayfish from tnis treatment In contrast to tne leaf
••
I treatment, high bioaccumulation in inverteorates from tne

,—*

sludge t r ea tment cannot be a t t r iouted to high metal levels

_ in pool rfater Leachate f rom tne sludge t reatment contained

« - e l e v a t e d l ead a n d c a d m i u m c o n c e n t r a t i o n s , b u t m e t a l
l

concent-ations in pool ^ateT- remained low The less
^

a.^aline sljdge pool waters ~ay have facilitated untake of
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DISCUSSION

Cover Trea tment Effec ts

B l o a c c u m u l a t l o n o f m e t a l s by i n v e r t e b r a t e s d u r i n g

- leaciate exposures indicated s igni f icant d i f f e r e n c e s in tie

~| biological availability of lead and cadmium f r o m leachates

" genera ted by d i f f e r e n t m i n e tai l ings cover t r e a t m e n t s

[ L i t t l e d i f f e r e n c e >as o b s e r v e d in i n v e r t e b r a t e m e t a l
«-

c o n c e n t r a t i o n s b e t w e e n t n e c o n t r o l a n d t h e u n c o v e r e d

J t r e a t m e n t , d e s p i t e suos t an t l a l l y h i g h e r me ta l levels in

- : l e a c h a t e f r o m t n e u n c o v e r e d t r e a t m e n t B a c k g r o u n d

contaminat ion of lead and cadmiua apparently occurred in the

{ control pool Concentrations of lead in inve-teorates we'-e
r"

s l ignt ly higher in tne u n c o v e r e d t r e a t m e n t , bu t c a d m i u m

levels were actually higher in the control Che relat ively

-j nigi bioavailabil i ty of c a d m i u m in the control may "epresent

antagonistic action of otne~ heavy metals on c a d m i u m uptake

(3ryan 1971) in the uncovered t rea tment , wnere tney occurred
«•

at nigher levels

j . S igni f icant increases in metal bloaccumulat lon occur red

-i j.n tne vegetation t rea tments (seed and sod) High leachate

and pool lead c o n c e n t r a t i o n s p r o b a b l y a c c o u n t e d for tne

] g r e a t e r lead b l o a c c u m u l a t l o n in the sod t - e a t m e n t t h a n in
e-

controls , although lead concent ra t ions in gut contents we-e
5

aiso high in c r ay f i sh f r o m tnis t r e a t m e n t C o n t r a s t i n ge

r e su l t s w e r e o b s e r v e d f o r c a d m i u m b l o a c c u m u l a t l o n , w h i c h

s h o * e d s i g n i f i c a n t i nc reases over c o n t r o l s i n the seed

ra t ie r than t ie sod t r e a t m e n t C a d m i u m c o n c e n t r a t i o n s \-e-e
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apr>arert ly affected by di f ferences in chemical speciation of

j.eaa and caamium in pool waters Tor cadmium, preaicted by

eou i l ib r ium mode l ing to precipi ta te under condi t ions in the

oools , the a s s o c i a t i o n of h igh levels in gu t - c l ea rea

crayfish w i ~ h high gut loadings suggests cadmium uptake f r o m

inges ted so l ids T r e a t m e n t s w i t h greatest r e d u c t i o n s 11

f i l t rab le c a d m i u m b e t w e e n leacnate and pool va t e r also

exh io i t ea high c rayf i sn fecal c a d m i u m concen t ra t ions and

high BCP values A p p a r e n t l y , up take of p r e c i p i t a t e d or

adsorbed c a d m i u m was more impor tan t than uptake f r o m vate^

unde r condit ions of very lov water cadmium concentrat ions

A similar situation was observed for lead only in the sladge

t reatment , which snowed very low lead concentrations in pool

water but high lead bioaccumulation High gut lead loadings

and h ign fecal lead c o n c e n t r a t i o n s in c r ay f i sn f r o m this

t r e a t m e n t suppor t the i m p o r t a n c e of uptake of lead f r o m

ingested solids

D i f f e r e n c e s in m e t a l b i o a c c u m u l a t i o n among s tuay

species reflect biological influences as veil as effects of

e x p o s u r e c o n d i t i o n s and m e t a l c h e m i s t r y Inc reased lead

bioaccumulat ion in mayflies and, to a lesser extent, midges

c o m p a r e d to c r a y f i s h may r e f l e c t a g r e a t e r suscep t ib i l i ty

for metal uptake f r o m vater in these species Vhelan (1983)

repor ted s imi lar rankings of lead bioaccumulat ion for these

taxa in samples f r o m the Big R i v e r The mechan ism for the

o o s e r v e d d i f f e r e n c e s may be h i g h e r p e r m e a b i l i t y o f the

i n s e c t c u t i c l e c o m p a r e d t o t h e c a l c a r e o u s c r a y f i s h

e x o s ^ e l e t o n , o r s i m p l y m o r p i o l o g i c a l d i f f e - e n c e s such as
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disso lved metals f rom these low concent ra t ions - '

t i e i m p o r t a n c e o f m e t a l up t ake f r o m i rge s t ed m a t e r i a l s i n

t n ~ s t r ea tmen t is suggested oy results of *ie gu~-clea-ance

e x p e r i m e n t s Eign p e r c e n t a g e s of w h o l e - b o d y leaa and

c a a n i u a c o n c e n t r a t i o n s w e r e lost f r o m c r a y f i s n f r o m t h e

sludge t r e a t m e n t d u r i n g gut c l e a r a n c e , and fecal s amples

contained elevated concentra t ions of both metals

Influences on Bioavailability

The resul ts of this study suggest d i f f e r e n c e s in the

relat ive impor tance of aqueous ana solid-pnase metal up-ca^e

b e t w e e n lead and cadmium Both the s ignif icant correla t ion

of i n v e r t e b r a t e lead b i o a c c u m u l a t i o n w i t n w a ^ e r leaa

c o n c e n t r a t i o n s and the c o n s i s t e n c y of leaa 3CP r a t io s

indicate the i m p o r t a n c e of lead uptake f r o m so lu t ion i\o

s i g n i f i c a n t c o r r e l a t i o n w a s o o s e r v e d o e t w e e n w a t e r a n a

inve r t eo ra t e c a d m i u m concentra t ions ana c a a m ^ - m 5CF values

were highly va-iable among t rea tments , apparently re f lec t ing

var .ab . l i ty in tne i m p o r t a n c e of up take of d i s s o l v e d

caamium Further support for these d i f f e r ences was p rov ided

by c o m p u t e r m o d e l i n g o f m e t a l s p e c i a t i o n in pool w a t e r s ,

w h i c n p r e d i c t e d lead to be p r e s e n t p r i m a r i l y as d i s s o l v e d

l e ad c a r o o n a t e a n d c a d m i u m a s p r e c i p i t a t e d c a d m i a m

c a r o o n a t e u n a e r c o n d i t i o n s i n t h e l eacha te pools ( F a r ^ o o d

1984) C o m p l e x a t i c n r f i t h d i s s o l v e d o r g a n ± c s p robab ly

f a v o r e d u p t a k e o f bo tn lead and c a d m i u m f r o m the aqueous

D^-ase in tne leaf t rea tment

Twe ^ m p o r t a n c e of meta l uptake f r o m ingested solids v,as
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smal l s±ze a n d / o r large ex te rna l galls w n i c n i n c r e a s e

surface area and favor surface absorption of metals (Smock

1S65b) The d i f f e r e n c e s a r e c o n s i s t e n t w i t n a c u e o u s leaa

usta-e, since elevated levels of lead occurred in mayf iy ana

m i d g e despite the reduced sed iment contact of these species

due to tie use of enclosures C a d m i u m uptake vas apparently

less affected by d i f f e rences in characteristics of the study

s p e c i e s C a d m i u m b i o a c c u m u l a t i o n s h o w e d o n l y m i n o r

d i f fe rences be tween mayflies and crayfish af ter comparable

exposure per iods C a d m i u m levels were higher in m i d g e s f rom

t re 10-day exposure than in other s p e c i e s , but d e c l i n e d to

lover levels in the larger larvae f rom the 25-day exposure

These d i f fe rences suggest a surface a~ea effect consistent

v i t n u p t a k e o f d i s s o l v e d c a d m i u m , d e s p i t e l o w ^ a t e r

concent ra t ions In crayf ish, wnich were f ree-ranging in the

l e a c n a t e p o o l s , c a d m i u m u p t a k e f r o m i n g e s t i o n o f

c o n t a m i n a t e d sol ids may have been a m a j o r c o n t ~ i b u t j . c n to

caamiun bioaccumulat ion

The results of this study indicate tnat vegetat ion and

organ ic c o v e r m a t e r i a l s can s i g n i f i c a n t l y inc rease tne

g e n e r a t i o n o f b i o l o g i c a l l y a v a i l a b l e heavy m e t a l s in

t a i l ings leachates The p rocesses of s o l u b i l i z a t i o n ,

c o m p l e x a t i o n w i t h d i s s o l v e d o rgan i c s , p r e c i p i t a t i o n a n d

adsorpt ion on organic and inorganic solids resulted in nigh

metal bioavailabili ty Dissolved organic compounds such

as t h o s e p r e s e n t i n t he leaf l e a c h a t e i n c r e a s e d t he

s o l u o i l i z a t i o n of lead and c a d m i u m f r o m t a i l i ngs anc

m a i n t a i n e d tnese meta l s in solut ion as meta l o rgan ic



complexes The conditions of leachate formation in the

leaching plots usea in this stuay may not be a good

apo-oximation of existing conditions in la~ge taixings

oiles The snallo^ tailings deptn and snort contact *ine of

leachates in the tailings plots apparently did not allow

readsorption and precipitation of metals, wnich occurred in

the pools Increased tailings depth negated the effects of

cover materials on leachates generated in laooratory studies

(Harwood 1984) However, formation of metal-enriched

leachates does occur under present conditions in the Old

Leaa Belt tailings piles (Kramer 1976, Ea-v,ood 1984) The

benefits of revegetation of the large tailings piles, sucn

as reductions in erosion and rainfall infiltration, prooably

out*e_gh tr>e effects of cover materials on leaching of

metals from the tailings

The _ncreases in metal mooilization oose~ved in tnis

stacy may be relevant to the status of tailings eroaed into

sfeam and riparj.an habitats of the Big River drainage

The massive erosion of tailings from tne Desloge tailings

pile and tne continuing erosion proolems at many of tne

tailings piles assure the presence of a la^ge reservoir of

hea/y metals whicn are potentially available to aquatic

biota (Schmitt and Finger 1982) Tnese tailings are

distnouted in relatively ""nin deposits *n direct contact

*itn vegetation, organic detritus and water, conditions

similar to those in tne leacni^g plots The mobility and

oioxogical availability of metals from eroded mine tailings

is _-dicated oy nigh metal concentrations in invertebrates
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a n d f i s h f r o m t h e B i g R i v e r a s f a r a s 9 0 K i l o m e t e r s

d o ^ n s t ^ e a a f r o m t a i l i n g s i n p u t s ( S c h m i t t a n d F^ige- 1 9 6 2 ,

rt rnelan 1983, Czaneski i984) Heavy metal con tamina t ion of

t ->e Big ^ ive r sys tem f r o m both e ro s ion and leaching of

t a i l ings depos i t s may pose a th rea t of m e t a l tox ic i ty to

aquatic o r g a n i s m s as r fe l l as a heal th c o n c e r n to h u m a n

consumers of metal-contaminated fish
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CHRONIC TOXICITY OF TAILINGS L2

INTRODUCTION

Tne t o x i c i + y of heavy m e t a l s to f i s n and a q u a t i c

i n v e r t e b r a t e s h a s been r f i a e l y d o c u m e n t e d i n l a o o r a t o r y

s tud ies S t a n d a r d i z e d tox ic i ty tests have been used to

d e t e r m i n e metal concen t ra t ions causing 50£ m o r t a l i t y or

i m m o b i l i z a t i o n ( t h e m e d i a n l e t h a l o r " e f f e c t i v e "

concent ra t ion , ^50 or ECCQ) in aquatic organisms in acute

( less than 100 h o u r ) e x p o s u r e s to heavy me ta l s ( T a o l e 10)

Acute metal toxici ty to aquatic organisms results f r o m tne

d e s t r u c t i v e a c t i o n of m e t a l s on exposed o o d > su r faces

P r e c i p i t a t i o n of m e m b r a n e p r o t e i n s on gills and o taer

r e s p i r a t o r y su r faces can p r e v e n t oxygen uo t ake , caus ing

death by rypoxia (Bryan 1971) rtetals also nave s ignif icant

a d v e r s e e f f e c t s o n a q u a t i c o r g a n i s m s a u r ^ ^ g c h r o n i c

e x p o s u r e s t o m e t a l l eve ls m u c h l o ^ e r t ^ a n t iose c a u s i n g

acute le tha l i ty (Tao le 11) At tnese lo* c o n c e n t r a t i o n s ,

meta ls are k n o w n to inh ib i t or block e n z y m e s y s t e m s ,

r e s u l t i n g in i n c r e a s e d l o n g - t e r m energy d e m a n d s and a

gene ra l d e c l i n e in f i t n e s s ( B r y a n 1 9 7 1 , T i o r o e" a l 1 9 7 9 )

R e d u c e d s u r v i v o r s h i p a n d g r o w t n , d e l a y e d d e v e l o p m e n * a n d

i m p a i r m e n t of r e p r o d u c t i o n have oeen observed ^^ o rgan i sms

u n d e r c h r o n i c meta l stress ( U n i t e d States E n v i r o n m e n t a l

'p-otect ion Agency I 'USEPA) 1 980a-e) Cnron.c metal toxici ty

may s igni f icant ly af fec t populat ion pa ramete r s such as -ates

o f D O D u l a t i o n i n c r e a s e ( M a r s n a l l I ^ S C ^ 1 a n d b i o m a s s

p r o d u c t i o n ( B o r g m a n n et al 1973)



Table 10 oelected LC^Q or LC^Q value-3 for t o x i c i t y of m e t a l s to aquat ic i n v e r t e b i ate 3

and f ish in acute (<100 hour) exposures Ranges of values indicate influence of hardness

( l ow hardness-high hardness) Uni ts are mg/ l i t e r

ganism
Lead Cadmium

jran, Daphnia magna

ds, Gammarus spp

h, Orconectes rusticua

Physa gynna

other

Chironomus ap

Ephemerella sp

Salrao gairdneri

Pimephales promelas

L, Leporais macrochirus

0 45-1 91* 0

0 12 0

1

1

2

1 0-542 1

2 0-402 0

2

01-0 07

70

4

2

0-28

0-6 0

63-74

0-21

Metal
Zinc

0 10-0 66

8 1

0 60-4 4

18 2

0 90-7 2

0 60-36

3 0-42

Nickel

0 51-2 34

4 0

14 3

8 6

4 0

35 5

5 0-32

5 0-40

Copper

0

0

3

0

0

0

0

0

01-0

20-0

0

39-1

30

20-0

23-1
66-1

20

41

7

89

5

0

* Values cited f r o m U3CPA (I980a-e) water quality c r i t e r i a documents VJl
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T i b l e 1 1 M e t a l c o n c e n t i a t i o n n c a u s i n g c h r o n i c t o x i c i t y i n aqua t i c i n v e r t e b r a t e A n d

f i s h Range of values ind ic i t es inf luence of hardness ( low hardnesa-high hardness) All

concen t r a t i ons in ug/l i ter

Organism _____ ____________Metal
Lead Cadmium Zinc Nickel Copper

Cladoceran, Daphnia raagna 12-120* 0 15-0 44 47-136 14 8-354 0 5-29

Amphipod, Gammarus pseudolimnaeus 6 1

Crayfish, Cambarus latimanua 10'

Snails ,

Midge ,

Trout ,

Minnow,

Sunf ish

Orconecles rusticus

Lymnaea palustns 25^

other

Tanytarsus sp 4 258 3 8

Salmo gairdnerii 19-102

Salvelinus fontinalis 1 7-9 2

Pimephalea promelas 46

, Lepomia macrochirua 92 50

302

10 9

36 8 16

207 350 1 9

106 109-527 14-28

29

* V a l u e s c i t e d f r o m U S I P A (l '380a-e) unless o t h e r w i s e ind ica ted 1 = T h o r p e t a l 19 /9 ,
2 = l l ubgchmann 1966, 3 = D o r g m a n n et al 1978, 4 = A n d e r s o n et al 1980
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S e n s i t i v i t y to c h r o n i c meta l e x p o s u r e i s a f f e c t e d by

p i j s i o log -ca l o r l . fe h i s t c - y c h a r a c t e - i s t i e s r f h i c n may

e n h a n c e o r i n n i o i t tne tox ic ac t i on o f m e t a l s R e s i s t a n c e

to ^etal toxicxty can vary consideraoly wi tn d i f fe rences in

age or l i f e s tage, o r e f f e c t s may b e c o m e a p p a r e n t d u r i n g

p e r i o d s o f p h y s i o l o g i c a l s t r e s s such a s m o l t i n g ,

m e t a m o r p h o s i s o r r e p r o d u c t i o n (Bryan 1 9 7 1 , Fo r s tne r and

V n t t n a n 1930) The t o x i c i t y of absorbed me ta l s may be

r e d u c e d by a v a r i e t y of p r o c e s s e s In f r e s h w a t e r

crustaceans, metal toxici ty is reduced by complexat ion w i t h

blood p r o t e i n s and s to rage ana e x c r e t i o n by organs such as

tne nepa topanc reas (Bryan 1 9 7 1 , Wnght 1980) or t h rough

a o s o r - D + i o n to tne excske le ton and loss d u r i n g m o l t i n g

(V- j .g r t 1980, Knovl ton et al 1983)

The t ox i c i t y of m e t a l s is s t rong ly i n f l u e n c e d by

prvs.cocnemcal condi t ions in natural waters vhicn affect

tne p r o p o r t i o n of total me ta l s p r e s e n t as f r e e meta l i o n s ,

t*e fo"c largely responsible for metal toxic i ty Reduc t ion

!*> me ta l ion c o n c e n t r a t i o n and meta l t ox i c i t y can r e su l t

f r o n c o m p l e x a t i o n w i t n i n o r g a n i c o r o r g a n i c l i g a n d s

( F r e e o m a n et al 1980, Sunda et al 1978) Thus me ta l

toy i C i t y car be r e d u c e d in h a r d w a t e r ( D a v i e s et a l 1 9 7 6 )

or v .a te r \* i th h igh c o n c e n t r a t i o n s of d i s so lved o rgan i c

c o m p o u n d s ( 3 r o * n et a_ 1974 , G ie sy et a l 1979) Meta l

tox iCi ty can also be "educed by adsorption of metal ions on

s u s p e n d e d s e d i m e n t s ( H o n g v e e* al 1980, S c h u y t e m a et al

1934, D e d u c e d pH i n c r e a s e s ae ta l t o x i c i + y by f a v o - i n g

~e_ease of f -ee me*a l ions f r o n ccmplexed or adsorbed fo-as
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^

( O ' S h e a a n d M a n c y 1978 , A d a m s a n d S a n d e r s 1 9 8 4 ) I n

cort~ast to the generally r e d u c e d toxic i ty of oouna meta ls ,

~ i nc r ea se s in c a d m i u m t o x i c i t y have b e e n r e p o r t e d _n the

p r e s e n c e o f h u m i c c o m p o u n a s ( G i e s y e t a l 1 9 7 9 , G j e s s i n g

1981 t t f i nne r 1984) In te rac t ions among metals can cause the
^

toxicity of metal mixtures to differ from the simple

additive toxxcity of individual metals Both antagonism
*

J (reduction in toxicity, Daton 1973, Speha^ et al 1979) and

— synergism (greater than additive toxicity, Brown and Dalton
!

1970, Hale 1977, Borgmann i960) have been reported in

toxicity studies of metal mixtures
^

Despite many reports of metal con ta in i r a t ion , ev^ae^ce

fa*- t o x i c i t y of me ta l s to aqua t ic o r g a n i s m s in n a t u r a l

• systems is l imi ted Studies of s t reams i" tfales a t t ^ iou t ed

~~ i m p o v e r i s h e d f i s h , i n v e r t e b r a t e and plant c o m m u n i t i e s to

t o x i c m e t a l s f r o m lead a n d z i n c m i n e * / a s t e d e p o s i t s
-4

(Ca-penter 1924, Johnson and Eaton 1980) Tne d i s t r i b u t i o n

J of b e n t h i c i n v e r t e b r a t e s in P a l e s t i n e Lake , I n d i a n a , vas

- r e l a t e d to d i f f e r e n c e s in s e d i m e n t m e t a l c o n t a m i n a t i o n

( V e n t s e l e t a l 1 9 7 7 a ) S h i f t s i n i n s e c t c o m m u n i t y

\ s t ruc ture w e r e repor ted in meta l -con tamina tea sfeam reaches

in O h i o ( d i n n e r et al 1980) In the Old Lead B e ^ t of
1
J southeast Missouri, low taxonomic diversity of bentnic

invertebrates and absence of intolerant taxa have been

reported in the Big River and Plat River Greet ^Ryck 1974,

1 Duchrow 1933)i but potential effects of metal toxicity in
^

•Mese s t r e a m s m a y b e m a s k e d " b y p h y s i c a l . m p a c t s o f

s e d i m e n t a t i o n of e rodea ta i l ings
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Tne toxici ty of leacnates f r o m m i n e tailngs deposits in

tne Olc Lead Belt has not o e e n e v a l u a t e d P rocesses of

v e a t h e - i r g , o x i d a t i o n a n d l e a c n i n g w i t h i n t h e Z l v i n s ,
T i s s o u r i , tailings pile have resulted in hign concentrations

of l ead , z inc and o tne r heavy meta ls in seepage w a t e r

enter ing Plat Rj.ver Creek ( K r a m e r 1976) Tne mobi l iza t ion

of metals in tailings leachates may be a f fec ted by present

l a n d - j s e p r a c t i c e s o r b y p r o p o s e d m e a s u r e s f o r t h e

stabilization and revegetat ion of the tailings piles (Novak

and E a s s e l v a n d e r 1980) Changes in l eacha te c h e m i s t r y

associated vitn plant growth , microbial decomposi t ion and

i n c r e a s e d c o n c e n t r a t i o n s o f d i s so lved o rgan i c c o m p o u n d s

could f avo r the s o l u o i l i z a t i o n of me ta l s f r o m t a i l ing

deposits ana increase the toxicity of tailings leachates

T n i s s tuay e v a l u a t e d t h e p o t e n t i a l t o x i c i t y o f

leachates f ron tailings deposits to aquatic biota in the Big

'ive-r drainage The design of the leachate genera t ion plots

m i n i m i z e d t h e i n f l u e n c e o f s o l i d - ^ h a s e t a i l i n g s o n

inver tebra te responses, and cover mater ia l t-eatzents ^e'-e

chosen to s i m u l a t e a range of c o n d i t i o n s for leachate

g e n e r a t i o n u n d e r both e x i s t i n g c o n d i t i o n s ana p r o p o s e d

r e c l a m a t i o n s c h e m e s fo r t he t a i l ings u i l es C h r o n . c

leachate exposures using inver tebrates representa t ive of the

B i g R i v e r f a u n a v e r e c o n d u c t e d t o a d d r e s s t h e f o l l o w i n g

oojec t ives

( 1 ) d e t e r m i n e t n e c n r o n i c t o x i c i t y o f m i n e t a i l i n g s

leacnates to ben tn ic inver tebra tes ,



(2 ) r e l a t e e f f e c t s on i n v e r t e b r a t e s to d i f f e r e n c e s in tne

c o n c e n t r a t i o n and b i o a v a x l a o i l i t y o f l eacha te m e t a l s

among tailings cover mater ia l t r e a t m e n t s , ana

(3) evaluate po ten t ia l leachate e f f e c t s on i n v e r t e o ~ a " e

populations in contaminated habitats

RSSJLTS

Crayfish Survival and G r o w t h

S u ^ v i v o r s n i p of y o u n g - o f - t h e - j e a r O r c o n e c t e s nais in

the leachate pools d i f f e r e d among the t rea tments du r i rg the

120-day exposure (Fig 2) S u r v i v o r s n i p in t ie d o l o m i t e

c o n t r o l w a s h i g h e r t h a n i n f o u r o f t h e f i v e t a i l i n g s

t rea tments on day 30 and nigher tnan all tailings t rea tments

on succeeding sample dates Af t e r 120 days, su rv ivorsn ip in

tne cont r ol (57#) *»as t \ » i ce as g^eat as the average of tne

f ive tailings t rea tments (29#) 3u~vivo-shj.p *as lowest in

tne leaf t r e a t m e n t on a l l t h r e e d a t e s , r e a c h i n g \J>% a f ^ e ^

120 aays Althougn mor ta l i ty pat terns Q i f f e r e d temporal ly

in the uncove red , seed, and SOQ t r ea tmen t s , s a r v i v o r s V i _ p in

t h e s e t r e a t m e n t s c o n v e r g e d a t 23-33* a f t e r 120 aays

S u r v i v o r s h i p i n t h e s ludge t r e a t m e n t s a i d n o t d i f f e r

s u o s t a n t l a l l y f r o m t h e c o n t r o l un t i l t h e 120-day s a m p l e ,

* ^ e n it reacned 411*

C r a y f i s n s u r v i v o r s h i p s h o v - e d s i g n i f i c a n t n e g a t i v e

l i n e a r c o r r e l a t i o n s w i t h m e a n f i l t r a b l e h e a v y m e t a l

c o n c e n t r a t i o n s i n l eacha te a n d DOO! ̂ a t e r s a m p l e s ( T a o l e
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Table 12 Pea r son p r o d u c t - n o a e n t c o r r e l a t i o n s ( N = 6 ) o f

c - a j i i s h s u r v i v o r s h i p * r 1 1 n m e a n f i l ~ r a b l e m e t a l

c o n c e n t r a t i o n s in pool and l e a c h a t e * a t e - and c r a y f i s n

samples One a s t e r i s k i n d i c a t e s p£0 0 , t*o a s t e r ^ s i c s

ind.ica-e p<0 05

Day _________________Fetal
Pb Cd Zn en Ki Cu

S u r v i v o r s h i p vs pool ^ater metal concen t ra t ions

30 -0 72 -0 92** -0 82** -0 70 -0 90** -0 09

1 60 -0 59 -0 39** -0 74* -0 53 -0 73* 0 09

- 120 -0 72 -0 84** -0 80* -0 69 -0 67 - 0 1 1
"3

S ^ r v i / o r s n i p vs leachate metal concen t ra t ions

] 30 -0 69 -0 45 -0 90** -0 71 -0 90** 0 04

-, 60 -0 68 -0 47 -0 87** -0 55 -0 63 017

120 -0 80* -0 47 -0 92** -0 70 -0 56 0 03

Svr / .LVC

30

60

120

5 '"Shit)

-0

-0

-0

vs

48

41

70

crayf

0

-0

-0

ish lead and cadmium concenfat .ors

03

25

28
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i 2 ) Of t i e heavy m e t a l s m e a s u r e d , on ly copper f a i l ed TO

£"o* consistently negative correlations wi th survi /orsnip

Zinc, c a d m i u m and n i c k e l c o n c e n t r a t i o n s in pooi a n c / o ^

ieacoate samples w e r e s i g n i f i c a n t l y corre la ted wi th c rayf i sn

p e r c e n t s u r v i v a l o n o n e o r m o r e s a m p l i n g d a t e s

C o r r e l a t i o n s of lead and m a n g a n e s e w i t h c r a y f i s h s u r v i v a l

*ere also s t rong ( p = 0 06 for l ead , p=0 11 for m a n g a n e s e /

C o r r e l a t i o n s of most meta l s w i t h c rayf i sh survival w e r e

s i m i l a r f o r pool a n d l e a c h a t e s a m p l e s , b u t c a d m i u s

c o r r e l a t i o n s w e r e s i g n i f i c a n t o n l y f o r pool s a m p l e s

Crayf isn surv ivorsh ip v,as m o r e strongly correlated wi th t>oc~

ouraens of lead than cadmium

G ^ o v » ~ n of crayfish also varied greatly among t r ea tments

(F igure 3) A f t e r 120 days, crayf ish f r o m the sod anc

leaf t r e a t m e n t s n o w e d t h e grea tes t mean d r y w e i g h t ( > 2 6 C

zg) G r o w t h v-as reduced in the tailings and seea t rea tments

(auprox 200 ng) and the least g rowth occurred in the slaage

t r e a t m e n t and control (approx 100 ing) Growth did not sho*

negat ive corre la t ion r f i th metal concentra t ions in water o r

i n v e r t e o r a t e t issue G r o w t h rates w e r e generally highest

d u r i n g the s e c o n d s a m p l i n g i n t e rva l (30-60 days ) and a l l

t r e a t m e n t s s h o w e d r e d u c e d g r o w t h d u r i n g t h e last i n t e r v a l

(60-120 days)

C r a y f i s h g r o w t h s h o w e d a c o n s i s t e n t i n v e r s e

re la t ionsnip with survivorship Differences in cumula t ive

g r o w t n a m o n g t r e a t m e n t s s h o w e a s i g n i f i c a n t n e g a t i v e

corre la t ions Mth s u r v i v o r s h i p af ter 60 and 120 days (Taole

\~Jt I n t e - v a l g r o v t h a n d s u r v ^ v o r s i . p w e r e s t ~ o n g l
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T a o l e 13 ?earson p r o d u c t - m o m e n t c o r - e l a t i o n ( N = 6 ) o f

c ray r i sh interval and cumula t ive g r o v , t n w i th -ite-val aid

c a n a l a t i / e s u r v i v o r s h i p d u r i n g t h r ee s a m p l i n g nte-va*s

C r o v t h ^ n m e a n d r y we igh t ca lcu la ted f r o m l eng tn w e i g h t

r e g r e s s i o n One as te r i sk ind ica t e s p£0 10, t«o as te r i sks

i n d i c a t e s p_<0 05

Interval
Uays)

Survival G r o w t h
inxerval Cumulative

I
(0-30)

II
(30-60)

Interval

Interval

Cumulative

-0 75*

-0 75*

-0 92**

III
(50-120)

Interval

Cumalative

-0 39

-0 83**



1

53

correlatec ( ? < 0 1 0 ) during tne f irst two sampling intervals

The i n t e r - e l a t i onsn ip of su rv ivorsh ip and g ^ o v r ^ T is f u r t i e r

suppo-tea oy d i f f e r e n c e s among sampling in*e-/als Dur ing

tne seco ra in t e rva l , r e d u c e a overall s u r v i v o r s h i p *as

a s s o c i a t e d w i t h h i g h e s t g r o w t h r a t e s T h e

s u r v i v o r s h i p g r o w t h c o r r e l a t i o n w a s s t ronges t a f t e r t h e

second interval and survivorsnip dur ing this interval was

poor ly c o r r e i a t e d w i t n w a t e r m e t a l c o n c e n t r a t i o n s ( T a b l e

H)

-, t f iage Survival, G r o w t h and Development

M i d g e ( C h i r o n o m u s npar ius ) larval s u r v i v o r s n i p w a s

~ j d i f f e r e n t i a l l y a f f e c t e d a m o n g cover t r e a t m e n t s d u r i n g t i e

30-day e x p o s u r e i n t h e l e a c n a t r e poo l s ( T a o l e 1 5 )

J S u r v i v o r s h i p ^as o v e r 90^ in the c o n t r o l and tne u n c o v e r e a

_. t r e a t m e n t and was only s l ight ly r e d u c e d in the seed ana

sludge t r e a t m e n t s Lowest s u r v i v o r s h i p vas oose-vea in

~| l a rvae in the SOQ (75/o) and leaf (53^) t r e a t m e n t s d .age

s u r v i / a l s n o r e d s i g n i f i c a n t n e g a t i v e c o r r e l a t i o n s w i t n

I l e acna t e a n d / o r pool c o n c e n t r a t i o n s of al l ne t a l s e x c e n t

n i cke l a n d c o p p e r ( T a o l e 1 6 ) C o r r e l a t i o n o f s u r v i v o r s h i p

m i d g e lead and cadmium oioaccumulat ion i*as also s t rong

( p < 0 10)

L a ~ / a l g ~ o w ~ h d u r i n g pool e x p o s u r e s *a s s t > * o n g l v

a f f e c t e d cy tailings leacnates (Taole 15) i ^ e a n increase in

larval total length was reduced in all ta i l ings t r e a t m e n t s

c o m p a r e d t o A " e d o l o m i t e c o n t r o l G r e a t e s t " e d u c t i o n s i n

m i d g e g - o w n o c c u ~ ~ e d i n t n e ^ e a f a n d s o d t r e a t m e n t s , t o



Table 1 4 Pearson p r o d u c t - m o m e n t c o r r e l a t i o n ( < = 6 ) o f

C ' - a y f i s n i n ~ e ^ v a l s u r v i v o r s h i p ( p e r c e n t survival /sampl ing

i n ~ e ~ v a l ; w i t h m e a n metal concen t ra t ions in f i l t e r e d pool

and leacha^e v,ater samples One asterisk indica tes p _ < 0 1 0 ,

tvo aster isks indicate p_<0 05

Interval _______ ________Metal________________
t a a y s ) TB—————£gjn Fn Ki Cu

C r a y f i s n in te rva l survivorship vs pool water metals

I -0 72 -0 93** -0 82** -0 70 -0 90** -0 09
(0-30)

II -0 10 -0 36 -0 25 -0 02 -0 05 0 35
(30-60)

III -0 76* -0 49 -0 70 -0 79* -0 37 -0 32
(60-120)

Oa.yfish interval surv ivorsh ip vs leacnate vate r metals

I _0 69 -o 45 -0 90** -0 71 -0 90** 0 04
10-30)

II -0 33 -0 19 -0 36 -0 03 013 0 30
(30-60)

III -0 74* -0 02 -0 67 -0 78* -0 50 -0 09
(60-120)
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Tab_e 15 Survival, growth and metal bloaccumulation of

s-dge larvae following 30-day exposu-e in leacnate uools

C-o-t-1 and survival are means of Wo repl j.ca~es, metal

concentrations aete rmined in single composite saaple per

--eatment

-J
4

1
?•

^
i

1
1

~i

Control U n c o v e r e d

Survival 90 93/ -' \(•»)

Growth 4 8 2 3
(aa)

? D cone 0 7 5 3
(ug/g)

C c cone 2 4 1 6
(ug/g)

Trea tment
Seea Siuage SOQ Lear

85 83 75 5Q

1 7 2 8 1 0 1 3

2 9 5 9 4 2 8 3

7 1 0 6 3 1 7 1



Table 16 Pearson p r o d u c t - m o m e n t cor re la t ion (1^ = 6) of midge

s u r v i v o r s n i p and g r o v - t h d u r i n g 30-day pool exposa re w i * h

m e t a l c o n c e n t r a t i o n s in pool and leac id te v a t e - and m i d g e

sazu les Ore a s t e r i sk i n d i c a t e s p£0 10, t*o a s t e r i sks

ind ica tes p^O 1 0

hetal
Pb Cd """ Zn " M n ~ " ~ lu Cu

Mioge Surv ivor sh ip

Pool -0 90** -0 93** -0 95** -0 83** -0 67 -0 26

Leacnate -0 95** -0 23 -0 39** -0 88** -0 64 -0 08

Kidge -0 79* -0 73*

Miage Grovth

Pool -0 41 -0 79* -0 57 -0 37 -0 72* -0 14

Leacnate -0 57 -0 70 -0 82** -0 37 -0 60 -012

-0 59 -0 52 —— —— —— ——
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less tnan 26% of g r o w t n in tne c o n t r o l Larval g r o w t h

l ess s t r o n g l y c o r r e l a t e d t h a n w a s s u r v i v a l w i t h

concent ra t ions of most metals in pool or leacnate *rater, and

»as no t s i g n i f i c a n t l y c o r r e l a t e d w i t h lead and c a d m i u a

c o n c e n t r a t i o n s in image la rvae ( T a b l e 16) Surv iva l and

g-ov»tn showed a nons igni f icant positive cor re la t ion ( r=0 59.

p=0 22)

Larval su rv iva l was not a f f e c t e d d u r i n g the 10-day

l a o o r a t o r y exposure (Table i? ) S u r v i v o r s n i p was 98^ or

g^eate 1 - in al l t r e a t m e n t s i n c l u d e d in tne lab s t u d y

( c o n t r o l , u n c o v e r e d , s o d , and l e a f ) Larval s u r v i v o r s h i p

- r e m a i n e d high in the d o l o m i t e con t ro l tn rough tne 25-day

-j eyt>osu~e, w i tn 94^ of the control larvae reacning the puual

stage H o w e v e r , reduct ions in survivorship occurred in tne

| tailings t rea tments dur ing the longer exposure D i f f e r e n c e s

in su rv ivorsn ip among t r ea tmen t s v ,e~e s ignif icant af ter 25

-i days , and s u r v i v o r s h i p was s i g n i f i c a n t l y l o * e r in all

7 tai l ings t r e a t m e n t s than in cont ro ls (Krus^al- toal l is test

w ± t h m u l t i p l e c o m p a r i s o n s ) M o r t a l i t y d u r i n g t h e Dupal

, stage ana d u r i n g e m e r g e n c e was n i g n for bo th t a i l i ngs

t r e a t m e n t s and c o n t r o l s This m o r t a l i t y v. as a p p a r e n t l y

- r e l a t e d to d e v e l o p m e n t of a s u r f a c e f i l m caused by tne

a d d i t i o n o f food to the e x p o s u r e c o n t a i n e r s r a t h e r than

leachate tox ic i ty

L a ~ / a l g r o w t h s h o w e d s i g n i f i c a n t d i f f e r e n c e s a m o n g

t - e a t m e n t s in ooth 10- and 25-day labora tory exposures
1
J ( / T-U S i £ a i_^ a]_]_ l s test W x t n ma l t i o l e compar i sons , Table 17)

~ [ - \ f t e r t n e 1 0 - d a y e x p o s u r e , l a r v a e f r o m a l l t a i l i n g s
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C a o l e 1 7 d e a n l a r v a l s u r v i v a l , g r o w t h a n d ce t a l

o i o a c c j c u l a ' i o r ( 1 = 3 ) c u r i n g ten- a n d 25-day l a c o ^ a t o r y

i e acna t e e x p o s u r e s ) S u r v i v a l and lengt i m e a n s in e^cn rov

* i t i t n e s a m e l e -^e r a r e n o t s i g n i f i c a n t l y O i f f e r e n t

K ruskal-A !allis test w i t h m u l t i p l e c o m p a r i s o n s p r o c e d u r e ,

p<0 05)

Survival
(*)

Lengtn
(an)

~o cone
(ug/g)

CQ cone
( u g / g )

Days

10

25

10

25

10

25

10

25

Treatment
Control Uncove red

100 a 100 a

94 a 48 c

11 5 a 8 9 b

— * 9 4 a

4 3 5 5

5 1

4 0 3 0

— 1 2

Sod

98 a

73 D

9 0 b

9 1 a

7 8

7 8

4 9

2 4

Leaf

100

49

7 6

'6 6

13 5

20 4

5 9

2 6

a

c

c

D

No midges regained in larval stage af ter 25-aav exnosure
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— t r e a t m e n t s s n o w e d s i g n i f i c a n t r e d u c t i o n s 11 total l e r g t n

r e l a t i v e t o c o n t r o l s La r / a l g r o v t n v a s m o s t s t r o n g l y

m^bi ted in the leaf t - e a t m e n t , w h i c n had a 33^0 r e d u c t i o n

11 total length re la t ive to controls All s u r v i v i n g midges

J 11 tie control had reacned the pupal stage af te^ the 25-day

- . e x p o s u r e , bu t d i f f e r e n c e s i n l a r v a l l e n g t h a m o n g the

tailings t rea tments were m o r e pronounced than those ooserved

"1 a f t e r 10 days L a r v a l t o t a l l e n g t h d±d no t d i f f e -
w

significantly between the 10- and 25-day exposures for any

j treatment (Mann-^vni tney tests), but meai length showed

slight increases in the uncovered and SOQ t-eatments and a

reduction in the leaf treatment Larval lengtn in tne

~j tailings treatments QIQ not anproacn that observed in the
m

control afte1" ten days

i G r o w t h of m idge larvae in lab exposures was m o r e

_ s t rong ly c o r r e l a t e d r f i t h m e t a l o i o a c c u c a l a t i o n t ^ a n <ras
7

s a - v i v a l (Tab le 18 ; Total l eng tn t fas s i g n i f i c a n t l y

"1 n e g a t i v e l y co r r e l a t ed w i t h lead c o n c e n t r a t i o n s in m i d g e

sanples f r o m both 10- aid 25-day exposures Co-re la t ion of
—i
' total length v, i th cadmium bioaccumulat io i vas st-oig oi±y in

25-day samples (p_<0 10), when no control samples were avail-

- aole

~ j M i d g e d e v e l o p m e n t - a s d e l a y e d o r b l o c k e d i n t i e

tai l ings t r ea tmen t s (Figure 4 ) M o d e r a t e d i f f e r e n c e s w e r e
—i

i o o s e ~ v e d in t ie 10-day exposure , when most i id iv iduais f r o m_^
a l l t r e a t m e i t s w e r e in tne f o u r t h ( f i n a l ) l a rva l insta1"

1
J Tn i rd instar larvae were still present only in tne tailngs

-~ f ea^mei t s (35« n the leaf t - ea tme i t ) , w r ^ l e m i a g e s -eacied



lao le 13 Pea r son p r o d u c t - m o m e n t c o r r e l a t i o n o f m i d g e

s u r v i v o r s n i p a n a g r o w t h v » 1 1 h l e a d a ^ d c a d n i u n i

D i o a c c u m u l a t i o n d u r i n g 10- ana 25-day l a o o r a t o ^ y l e a c h a t e

exposu re s (N = 12 except 25-day g r o v t h , 1< = 9) One a s t e r i sk

j.naicates p _ < 0 1 0 , two asterisks indicates p£0 05

Survival Grov th
1 0 - d a y 2 5 - d a y 10-aay 25-aay

Leao 0 10 -0 53** -0 72** -0 93**

Cadmium -0 07 -0 73** -0 48 -0 62*
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-*e pupa l s tage o n l y in the c o n t r o l D e v e l o p m e n t a l

Q ^ f f e - e n c e s w e r e m o r e p r o n o u n c e d i n t h e 25-day e > p o s u * - e

All s u r v i v i n g l a rvae ( 9 4 ^ ) in tne c o n t r o l "ad r e a c h e d t w e

7-^al s t & g e , c o m p a r e d 10^ and 12^ in the u n c o v e r e d a'-a soa

fea tnents , respectively No pupae or adults r f e r e observed

in the leaf t r e a t m e n t , in w h i c h 30£ of the a idges r e n a m e d

in the t h i r d larval instar a f t e r 25 days E m e r g e n c e was

a l so d e l a y e d i n t h e t a i l i n g s t r e a t m e n t s A d u l t s o r

unsuccessful emergents were observed in the control on days

12-18, w h i l e the f i r s t e m e r g e n c e o c c u r r e d on day 15 in the

sod t r e a t m e n t and on day 19 in the u n c o v e r e d t r e a t m e n t

DISCUSSION

Toxic Effects of Leachate

P r e v i o u s s tud ies w i t h c r a y f i s r a n a m i d g e s i n d i c a t e d

tneir sensitivity to metals unaer conditions similar to t^e

leacna'e e/posures The crayf ish Orconectes propinquis vas

hignly resistant to acute cadmium toxicity (Cillespie et al

1977), but exposure to 5-10 ug/L cadmium increased mortality

in C a m p a r u s l a t i m a n u s ( T h o r p et al 1979) and e l i m i n a t e d

populations of Procambarus acutus (Giesy et al 1979) after

f i v e m o n t h and one year exposures , respect ively Adul t 0__

v i r i l i s were resistant to copper exposure, but nevly-hatcnea

y o u n g w e r e m u c h m o r e s e n s i t i v e t o c o p p e r t o x i c i t y

( H a b s c h m a n n 1966)

M i d g e l a r v a e may also be r e s i s t an t to acute but not
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chronic metal toxicity Acute LCcQ valjes fo7-

~" sp la rvae we -e ove r 1 m g / L fo r c a d m i u m , z i n c anc n i c k e l ,

and 30 ag/L for c o p p e r ( R e h \ s o l d t e t a l i 9 7 3 ) , oat c n r o i i c

( 1 0 - d a y ) L C - Q va lues f o r c a d m i u m , z i nc a n a c o s p e r f o ~ t n e

__ m i d g e T a n y t a r s u s d i s s i m i l i s ( A n a e r s o n et al 1930) w e r e

— c o m p a r a b l e to leachate and pool c o n c e n t r a t i o n s of

~ these metals H o w e v e r , these d i f f e r e n c e s may ref lect

* d i f f e r e n c e s in m e t a l to le -ance among c h i r o n o m i d taxa

Studies of the cn i ronomid commun i ty of metal-contaminated

_ s t r e a m s ( c o n t a m i n a t e d p r i m a r i l y w i t h c o p p e r ) f o u n d

C n i " o n o m u s s p p a t h i g h l y c o n t a m i n a t e d s i t e s , w n i l e

— Tany ta r sus spp o c c u r r e d only at si tes v , i th love- meta l

~ xeveis (Winner et al 1980)

M o r p n o l o g i c a l a n d l i f e h i s t o r y d i f f e r e n c e s b e t w e e n

J crayfisn and midges may account for tne d i f f e r e n t rest»onses

_ j o f t ne two s p e c i e s to l e a c h a t e m e t a l s R e d u c t i o n i n

— crayfisn sa r / ivorsn ip wi thout sublethal e f f ec t s on g rowth ,

~| as seen in leachate exposures, was prev.ousl j repor ted in

long-term c a d m i u m exposures ( T h o r p et al 1979) ?ne
-»

f ao i l i t y of c r a y f i s h to i n c r e a s e g r o w t h o e s n i t e ^ e a u c e d

s u r v i v o r s h i p s u g g e s t s t h a t c r a y f i s n m a y b e o n l y

-* i n t e r m i t t e n t l y vulnerable to meta l tox ic± ty 41though ^ ^ i s

~j could resul t f r o m t e m p o r a l v a r i a t i o n in l e ^ c n a t e m e t a l

concen t ra t ions , crayfish may have become sens i t ive to metal

I *oxicity only dur ing molts Increased uptake of caamium by

oos tmol t a m p h i p o d s , G a m m a r u s pulex ( W r i g h t 1980\ and snore

- - c " a o , C a r c i n u s m a e n a s ( V r i g n t 1 9 7 7 a ) , *as a t t r i b u t e d to

c h a n g e s i n c a l c i u m r e g u l a t i o n o c c u r r i n g d u r i n g t n e
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crustacean molt cycle High cadmium toxicity was associated

v,iti increased cadmium uptake in postmolt individuals cf

botn species (Vngnt 1977b, Bright and Frain 1981) rfetais

accumulated in the crayfish exoskeleton (Anderson 1978,

Knovlton 1985) may be released along with calcium during the

premolt phase, further increasing metal exposure of molting

individuals These mechanisms would result in pulses of

metal toxicity during molts Loss of accumulated metals

with the cast exoskeleton and the low metal permeability of

tne crayfish exoskeleton during intermolt periods rfould

reduce metal exposure, allowing survivors to capitalize on

increased food availability

The response of midge larvae to leachate exposure is

more consistent with chronic metal toxicity Wen+sel et al

(I977b) observed sublethal reduction of larval growth in

Chironomus tentans exposed to metal-contaminated sediments

and speculated tnat grovth reductions indicated impairment

of normal development, as was observed in this study in

laboratory leachate exposures A noticeaole reduction in

red pigment in larvae from tailings treatments relative to

controls suggested that heiae synthesis, known to be affected

by leaa in verteorates (Hodson et al 1978), may have been

inhibited in taidges during leachate exposure Chronic

effects were observed in all midge aquatic life stages,

suggesting tnat the relatively permeable midge exoskeleton

allowed continuous metal exposure throughout leachate

exposures



Influences on Leachate Toxic i ty

Cons i s t en t pa t t e rns among ta i l ings c o v r e r t r e a t m e n t s

v , e~e e v i d e n t in leachate and pool water metal concen t r a~ ions

a n a i n t h e e f f e c t s o f l e a c h a t e e x p o s u r e o n a q u a t i c

inver tebra tes Leachate toxicity ranged f r o m tne untreated

a n d s l u d g e t r e a t m e n t s , w h i c h h a d l o w e s t r f a t e r m e t a l

c o n c e n t r a t i o n s i n w a t e r a n d r e d u c e d e f f e c t s o n

i n v e r t e b r a t e s , t h rough tne i n t e r m e d i a t e seed and soa

t r e a t m e n t s to the leaf t r e a t m e n t , w h i c h had h ighes t m e t a l

concentra t ions and most severe toxic e f fec ts

Several metals were present in leacha+e and pool v,ate r

a t c o n c e n t r a t i o n s e x c e e d i n g w a t e r q u a l i t y c r i t e r i a

estaolished oy regulatory agencies of the Uni t ed States ana

C a n a d a (Table 19) These c r i t e r i a have oeen d e v e l o p e d to

prevent toxic ef fects on aquatic biota oased on laboratory

ana f i e l d s t u d i e s of m e t a l t o x i c i t y (USSP r t 19SOa-e, Canada

1 9SO) M e a n pool and leacna te c o n c e n t - a t x o n s of l ead ,

c a a m i u m , zinc and coppe~ exceeded water quality cr i te- ia for

chronic metal exposures, and mean leachate concen t ra t ions of

c a d m i u m , zinc and copper also exceeded c r i t e r ia for m a x i m u m

allovaole snort- term concent ra t ions

T n e i m p o r t a n c e o f * r a t e r m e t a l c o n c e n t r a t i o n s t o

leachate toxj.city was supported by tneir strong cor re la t ion

r f i t n i nve r t eo ra t e survival and g rowth in leacnate exposures

Caa - ium and zinc concen t r a t ions in pool and leachate «rate- ,

r e s p e c t i v e l y , s h o w e d t n e s t r o n g e s t c o r r e l a t i o n s w i t h a l l

t o x x c e f f e c t s o b s e r v e d i n i n v e r t e b r a t e s d u ^ ^ n g l e a c n a t e

e x p o s u r e L e a d , m a n g a n e s e a n d n i cke l c o n c e n t r a t i o n s also



Table 19 United States and Canaaa *ater quality colter.a

fo- hea/y metals All concentrations expressed as u£/L

u S EPA*

24-Hr average

Instantaneous
it Jt

Canada

PD

3 8

170

5-30

Cd

0 025

3 0

0 2

hetal
Zn

47

320

50

Nl

96

1800

25-250

Cu

5 6

22

2 0

Maximum allowable 24-hour average and instantaneous

total recoveraole metal concentrations, respectively,

cased on hardness of 100 mg/L as CaCOj (USEP/> 1980a-e)

Canaaa Department of Environment (1980)



^ s h o w e d s t r o n g n e g a t i v e c o r r e l a t i o n s , aid eacn of these

- m e t a l s was s i g n i f i c a n t l y c o r r e l a t e d r f _ t h a t least one

-"" i n \ e r t e o r a t e e f fec t Copper concent ra t ions r f e r e not s t rongly

corre la ted wi t i any inve r t eb ra t e e f f e c t s
<«
, Tne n a t u r e of the l eacha te ana pool m e t a l da ta l i m i t

^ the a t t r ibut ion of inver teora te e f fec t s ^o a spec i f i c metal

-I or metal mix tu re The usefulness of the <rater netal data ^s

"*• r e d u c e d by the long s a m p l i n g i n t e rva l s ( a p p r o x i m a t e l y

m o n t n l y ) and tne small n u m b e r of r f a t e r analyses for each

J t rea tment The data allow compar ison of pool and leachate

c o m p o s i t i o n over the e n t i r e exposure p e r i o d , bu t do no t

-J inaica*e snor te r - te rm fluctuations or t r ends w n i c n may have

- : nad i m p o r t a n t e f f e c t s on l e a c h a + e t o x i c i t v I n t e r -

~ c o r r e l a t i o n of me ta l c o n c e n t r a t i o n s in pool v / a t e r a m o n g

1 t r e a t m e n t s also l i m i t s tne e v a l u a t i o n of i n d i / i d u a l m e t a lj
t o x i c - t t y ( T a b l e 2 0 ) M e a n l e a d , c a d m i u m a n d Z i n c

J concentrat ions w e r e s ignif icant ly inter-coTelatea and these

n metals we~e all strongly (p<_0 10) correlated witi manganese

Fic£ej. was s ignif icant ly correlated only ^ i tn c a a m i a m , ana

| copper aia not snow significant correlat ion w i t n any o~ner

metal ±n ool water

J

-i

j

J

Interact ions among metals in the tailings leachates may

lave a f fec ted the con t r iou t ion of ind iv idua l metals to *he

o v e r a l l t o x i c i t y o f t n e l e a c h a t e s A n t a g o n i s t i c

in terac t ions nave oeen r e p o r t e d f r o m s^ud.es of f i sh exnosea

to m e t a l m i x t u r e s sucn a s c a d m i u m and z i n c ( D a t o n 1973.

S p e h a r e t a l 1 9 7 8 ) a n d l ead a n d c o p o e r ( O z o h 1 9 7 9 )

; r , setal i n t e r ac t i ons are o f t en c o m p l e x , as ^n a s ~ u d y



Taole 20 P e a r s o n p r o d u c t - a c c e n t c o r r e l a t i o n a m o n g aean

p o o l v a t e r a e t a l c o n e e n t - a ^ i o n s ( N = 6 O n e a s t e r i s k

p j<010 , t» ro as ter^s^s indicates p_£0 05

Cd Zn Mn Ni Cu

Pb 0 82** 0 98** 0 99** 0 56 015

Ca —— 0 91** 0 79* 0 86** 0 21

Zn —— 0 96** 0 66 0 13

Kn —— 0 57 0 23

11 —— 0 47
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of metal tox ic i+y to pnytoplankton (Pie t i la inen i976 ) which

f o u n d l e a d and c a d a i a m a c t e d s y n e - g x s t i c a l l y or
«

antagonistically when cadmiam or lead, "esoectively , was at

g - e a t e r c o n c e n t r a t i o n e v e r t h e l e s s , m a n y s t u d i e s o f

J m i x t u r e s of t h r e e or m o r e m e t a l s have found a d d i t i v e or

-, synergistic increases in toxici ty, despi te the presence of

reportedly antagonistic metal pairs (Brown and Dalton 1970,

"1 ^aton 1973, Hale 1977, Borgmann 1980)

A l t h o u g h i n v e r t e b r a t e m e t a l b i o a c c u m u l a t i o n h a s
•*̂

_» advantages over \*ater metal concent ra t ions as an ind ica to r

of heavy meta l p o l l u t i o n ( r j e h * * i n g 1975, N a n k i n g et al

1979). metal o ioaccumala^ion did not closely reflect metal

j t o x i c i t y in th i s s t u d y M e t a l b i o ac c am ulat ^on s zs

negatively correlated wi tn inve r t eo ra t e survivorsnip (botn
«

J s p e c i e s ) a n d g r o w t h ( m i d g e s ) , b a t c o r r e l a t i o n s w e r e

gene ra l ly weake*- than tnose * i t n pool or l eacna te m e t a l

concent ra t ions C a a m i a m bioaccumulat ion v»as less s^rongj.-

I c o r r e l a t e d w i t n i n v e r t e b r a t e e f f e c t s t n a n »ras l eaa

D.oaccumula t ion , despite tne stronger cor re la t ion of e f f ec t s

j n i t l ? water c a d m i u m concent ra t ions

-» Tne re la^ j -onsnip De t» /een oioaccumulat ion and tox^c i ty

can be a f fec ted by adaptations of exposed organisms ana tne

"| chemica l behavior of metals /ietal b ind ing proteins w n i c h

reduce tne tox ic i ty of aosorbed metals have oeen repor ted in

oo tn f i sn and i n v e r t e b r a t e s ( B r y a n 1967, D i x o n and Sp^agae

- 1 9 3 1 , T a l o o t and i ' iagee 1 9 7 8 ) M e t a l s may a l so be

-^ accumulated to high c o n c e n t r a t i o n s w i ^ h o a t apparent t o x i c i t v

-

J

"7 in storage organs as part of rormal regulation of essentic.1



m e t a l s ( B r y a n 1 9 6 7 ) o r a s an a d a p t a t i o n to n i e t a l -

c c r t a r n m a t e d e n v i r o n m e n t s ( S r o ^ n 1 9 7 7 f 1 9 7 8 , T h e

n e p a t o p a n c r e a s of c r u s t a c e a n s is a m a j o r s torage s-te fo-

c i o s o r b e a p e t a l s a n a m a y b e e s p e c ^ a i x y i m p o r t a n t f o ~

accumula t ion of metals absorbed f rom stomacn contents (Bryan

1967, Brown 1977, n/ngnt 1980) Dif ferences in tie chemical

charac ter i s t ics of metals may also af fec t tie toxj .ci ty of

accumulated metals Binding to complexing agents can change

the toxici ty of metals wi thout a f f ec t ing bioavai labi l i ty

( D i n n e r 19S4) ^ s imi l a r e f f e c t may have o c c u r r e d in

l eacha te exposures , as c a d m i u m rapid ly d e c r e a s e d in the

l iquid phase ( E a r * o o d 1984) , tu t r e m a i n e d avai laole for

uptake by c r a y f i s h , apparent ly f r o m inges ted sol ids I f

t o x i c - i t y of m e t a l s absorbed f r o m gut con ten t s was r e d u c e d

r e l a t ive to d i s s o l v e d m e t a l s , gut meta l up take nay have

masLeo tne toxic s ignif icance of metal boay burdens during

leaciate exposures

The d is t r ibut ion of metals among ionic , cocplexed ana

solia f o r m s , and c o r r e s p o n d i n g d i f f e r e n c e s in t o x x c i t y ,

c o u l d h a v e b e e n a f f e c t e d b y d i f f e r e n c e s i n t n e

physicocnemical character is t ics of leacnates among tailings

c o / e r t r e a t m e n t s M i n o r d i f f e r e n c e s in pn and nardness

p r o b a o x y would no t have s i g n i f i c a n t e f f e c t s on meta l

tox iCi ty , altnough lover pE would increase the proport ion cf

higi ly tox ic f r e e m e t a l i on p resen t ( P o r s t n e r a id t f i t t m a - *

1 9 B O , H a r * / o o d 1 9 8 4 ) R e d u c t i o n i n f r e e m e t a l i o n

c o n c e n t r a t i o n s would resul t f r o m both c o m p l e x a t i o n v i t h

i n o - g a n i c a n d o r g a n i c l i g a n d s a n d a d s o r p t i o n o r
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"• p-ecipitat ion to the solid phase Harwood (1984) reported

reduced proportions of dialyzaole metals (soluole forms,
••.

including metal ions, d isso lved compounds and low-molecu la -

v e i g h t c o m p l e x e s ) in pool w a t e r s c o m p a r e d to l eac ia tes

Dialysis stuaies indicated tnat metals w e r e associated with

•» high-molecular weight f rac t ions in pool ^ate-s Similar ly,

computer model l ing predic ted p rec ip i t a t ion of c a d m i u m and

| z inc a f t e r e q u i l i b r a t i o n in leacha te poo ls , bu~ i n d i c a t e d

that lead, zinc and cadmium would occur largely as soluble

_} complexes in tie presence of humic acids ( H a r w o o d 1984)

- i A l t h o u g h c o m p l e x a t i o n w i t h o rgan ic l igands has b e e n

r e p o r t e d to r e d u c e me ta l t o x i c i t y ( S p r a g a e 1968, B r o v , n e t

j a l 1 9 7 4 ) , s o m e types of d i s s o l v e d o rgan ic c o m p o u n d s have

b e e n s h o w n to increase the t o x i c i t y of c o m p l e x e d m e t a l s

J ( C i e s y et al 1977, W i n n e r 1984) C n a r a c t e n s t i e s of

— d i s s o l v e d o rgan ic c o m p o u n d s such as molecu.a" v e i g h t and

c n e m i c a l s t r u c t u r e apparen t ly a f f e c t the s t ab i l i t y o f

j m e t a l o rgan i c c o m p l e x e s , thus a f f e c t i n g m e t a l t o x ± c i t y by

d e t e r m i n i n g tne lability o- availability of complexed metal
""i
J i o n s ( B r y a n 1 9 7 1 , G i e s y e t a l 1 9 7 7 ) M e a s u r a b l e

mm p ropor t ions of non-labile (s trongly-bound) lead, cadmiua and

n _ c k e l occurred in most f i l t e r ed leacnate and nool samples

""J i rom the leaf t rea tment and in occasional samples f r o m all

o the r t r ea tmen t s except tne uncovered tailings Tne sludge

J t r e a t m e n t l e acha t e s h o w e d d e t e c t a b l e p r o p o r t i o n s of non-

— l a o i l e l e a d , c a d m i u m a n d z i n c i n s o m e s a m p l e s , o u t
J c h a r a c t e r i z a t i o n of m e t a l spec i e s in t i iS ^ r e a t m e n t was

" inconclasive (da-wood 1984) Di f fe rences _n C"aracte r is t ics
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of metal organic complexes between the leaf and s_udge

leachate oaj have influenced tne observed disparity in

leacnate toxicity despite high DOC concentrations in ooth

pools

Implications for Exposed Populations

The type and seventy of effects observed during

leachate exposures have different implications for

populations of crayfish and midges under similar exposure

conditions Compensatory growth increases of crayfish in

lov,-survival treatments resulted in increased bionass

production in pool exposures However, this result is an

artifact of food limitation, and is unlikely to occu^ in

natural systems, where tne t^o- to four-fold reduction in

survivorship would probably have a detrimental effect on

crayfish production leacnate effects would probably be

more severe during full life-cycle exposure, since metal

toricity is reuortealy greatest for ne^ly-hatched crayfish

(nuoscnaann 1966) Reduced young-of-the-year survivorship

could lead to eventual elimination of populations from

habitats receiving leachate inputs, even in the absence of

effects on adalt c^ayfisn

Results of midge exposures indicate that leachate

toxicity could seriously affect midge populations

reductions in both growtn and survivorship would markedly

reduce midge biomass production under leachate exposure

Inhibition of normal development would also limit the

aoility of a copulation to compensate for iigh mortali*/



-^ *i t i increased r ep roduc t i on H o w e v e r , midges are a hignly

s o o i l e a n d o p p o r t u n i s t i c g r o u p W I T H m u l t i v o l t i n e l i fe

"I cyc l e s , ana p o p u l a t i o n s in i m o a c t e d n a b i t a t s m i g a t be

r :a intai->ea oy i m m i g r a t i o n of ov ipos i t ing females

_} Leachate and pool meta l c o n c e n t r a t i o n s c a u s i n g tox ic

. . e f f e c t s on i n v e r t e b r a t e s in th is s tudy are c o m p a r a b l e to

those reported f r o m contamina ted sites in the Big ^iver and

"I its tnou ta rxes Leacrate concen t ra t ions of lead, c a a m i u m

and zinc were lover than those reported in seepage f r o m the

J Ulvins tailings pile (Kramer 1976) , but similar to samples

_ f r o m a d r a i n a t the D e s l o g e p i l e ( H a r w o o d 1 9 8 4 )

-* Concent ra t ions of tnese aetals in pool water were l o w e r tnan

~1 c o n c e n t r a t i o n s r e p o r t e d f r o m the Big ^ive 7* at Des ioge

( S c n m i t t and Finger i982) or f r o m lo^er Plat liver Creek

J (Kraaer 1976) H o w e v e r , metal toxicity is prooably reaucea

_ in these hab i t a t s dae to t ie a n t a g o n i s t i c e f f e c t s of ^ a t e ~

-* h a ^ a n e s s ( a p o r o x i m a t e l y t » / i c e as h igh in the Big n i v e r ana

"1 Plat R i / e r C r e e k as in the leachate pools , P ,yck 1 9 7 4 ,

Scnmi t t and Finger 1982) Leachate impacts in these s t reams

J are also r e d u c e d by d i l u t i o n and loss of m e t a l s f r o m

_ s o l u t i o n , w h i c h r a p i d l y r e d u c e f i l t r a b l e m e t a l

-* c o n c e n t r a t i o n s away f r o m seepage inputs ( K ~ a m e r 1 9 7 6 )

"1 J e v e - t h e l e s s , m o b i l i z a t i o n of me ta l s in leaciates f -oa

"•ablings piles ana s imi l a r processes occu r ~ing in tailings-

1 c o n * a m ^ n a t e a s t ream seaiaents combine to ma in t a in e levated

c o n c e n t r a t i o n s of d issolved meta ls in contaminated reacnes

-* of the Big R ive r drainage w n i c h may have s i gn i f i c an t aave-se

~] e f i ec t s on aouat ic organisms
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Th.s study also ind ica ted that inputs of organic aat ter

or e f f o r t s to e s t a b l i s h a v e g e t a t i v e c o v e r cou .d

signf ican t ly i n c r e a s e the tox ic i ty of leacnates f r o a

t a i l i n g s depos i t s V e g e t a t i v e cover caused only m o d e r a t e

inc reases in leachate t ox i c i t y r e l a t i ve to leachates f r o m

u n c o v e r e d t a i l i ngs , and da ta p r e s e n t e d by H a r w o o d ( 1 9 S 4 )

suggest that v e g e t a t i o n impac t s may be of sno r t d u r a t i o n ,

e s p e c i a l l y c o m p a r e d t o t h e l o n g - t e r m b e n e f i t s o f

r evege t a t i on H o w e v e r , some organic cover m a t e r i a l s had

m o r e severe e f f e c t s , r e i n f o r c i n g previous concerns (liovak

and Hasselwander 1980) about the continuing operation of the

sanitary lanafill on the Desloge tailings pile Such la^ge-

scale incuts of decomposing organic matter may substantially

increase tne toxicity of leachates from tailings deposits ~o

aquatic organisms
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